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LAWS. 


[By the Charter of the Society (printed in the Transactions, Vol. VI. p. 5), the Laws cannot 
be altered, except at a Meeting held one month after that at which the Motion for 
alteration shall have been proposed. ] 


I. 


THE ROYAL SOCIETY OF EDINBURGH shall consist of Ordinary and Title. 
Fellows. 


II. 


Every Ordinary Fellow, within three months after his election, shall pay Two The fees of Ordi- 
Guineas as the fee of admission, and Three Guineas as his contribution for the’ feta a 
Session in which he has been elected ; and annually at the'commencement of every 
Session, Three Guineas into the ee of the Treasurer. This annualcontribution 
shall ‘continue for ten years after his admission, and it shall be limited to Two . 


Guineas for fifteen thereafter.* 


ITI. 


All Fellows who shall have paid Tweniy-iee years’ annual contribution shall Payment to cease 
after 25 years. 
be exempt from farther 


The fees of admission of an Ordinary Non-Resident Fellow shall be £26, 5s., Fees of Non-Resi- 
payable on his admission; and in case of any Non-Resident Fellow coming to Fellows. : 
~ reside at any time in Scotland, he shall, during each year of his residence, pay the 
usual annual contribution of £3, 3s., payable by each Resident Fellow ; but after 
payment of such annual eonisibelion for eight years, he shall be exempt from any 
farther payment. In the case of any Resident Fellow onaaing to reside in Scot- 


* At the Mocting of the Suite on the 5th January 1857, when the reduction of the Contri- — 
_ butions from £3, 3s,, to £2, 2s., from the 11th to the 25th year of membershi p, was adopted, it was 

resolved that the existing Members shall share in this reduction, so far as regards their future 
Annual Contributions. 


_A modification of this rule, in certain cases, was agreed to 3d Sanuary 1831. 
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xiv 
land, and wishing to continue a Fellow of the Society, it shall be in the power of 


the Council to determine on what terms, in the circumstances of each case, the 


privilege of remaining a Fellow of the Society shall be continued to such Fellow 
while out of Scotland. 


V. 
Members failing to pay their contribution for three successive years (due ap- 
plication having been made to them by the Treasurer) shall be reported to the ~ 
Council, and, if they see fit, shall be declared from that period to be no longer 
Fellows, and the legal means for recovering such arrears shall be employed. 


Vi, 


None but Ordinary Fellows shall bear any office i in the Society, or vote in the _ 
choice of Fellows or Omep-Reater, or interfere in the Nees interests of the 


Society. 


| VII. 
The number of Ordinary Fellows shall be unlimited. 
VIII. 
‘The Ordinary Fellows, upon producing an order from the TREASURER, shall be- 
entitled to receive from the Publisher, gratis, the Parts of the nocietys Trans- 


actions which shall be published subsequent to their admission, — 


No.person shall be proposed as an Ordinary Fellow without a recommenda- 
tion subscribed by One Ordinary Fellow, to the purport below.* This recom- 
mendation shail be delivered to the Secretary, and by him laid before the Council, 
and shall afterwards be printed in the circulars for three Ordinary Meetings of 


the Society, previous to the day of the election, and onal lie upon the table ee 
that time. | 


Honorary Fellows shall not be — to any contribution. This class shall | 


* « A.B, a gentleman well ekilled j in an branches of Science (or Polite Literature, as the case 
« may be), being to my knowledge desirous of becoming a Fellow of the Royal Society of Edin- 
“ burgh, I hereby recommend him as deserving of that honour, and as = to prove a useful and 
valuable Member.” 


; This recommendation to be accompanied F a request of admission signed by the Candidate. 


= 


consist of persons eminently distinguished for science or literature. Its number , 
shall not exceed Fifty-six, of whom Twenty may be British cies and sil 
six may be —— of foreign states. : 


- Personages of Royal Blood may be elected Honorary Fellows, without regard Royal Personages.| 
to the limitation of numbers specified in Law X. he 


XI. 


Honorary Fellows may be proposed by the Council, or by a recommendation of Honorary Fal 
(in the form given below*) subscribed by three Ordinary Fellows ; and in case !ows. 
the Council shall decline to’bring this recommendation before the Society, it shall 
be competent for the proposers to bring the same before a General Meeting. The 
election shall be by ballot, after the proposal been communicated viva voce Mode of Election. 


- from the Chair at one meeting, and _— in the circular for the meeting at 
which the Ballot is to take place. 


| XTIL | 
The election of Ordinary Fellows shall take place at the Ordinary Meetings of ng» gl 
the Society. The election shall be by ballot, and shall be determined by a majo- | 


‘rity of at least two-thirds of the votes, provided — Fellows be present 
and vote. 


| XIV. | 
Moctings shall be held on the first and third Mondays of every Ondinary 
month from November to June inclusive. Regular Minutes shall be kept of the 
proceedings, and the Secretaries shall do the duty alternately, or — to such 
as thay may find it convenient to make. 


The thine publish its Transactions and Proceedings. The Transaction 
For this ie purpose the Council shall select and arrange the papers which they shall 


* We hereby recommend 
for the distinction of being made an Honorery Fellow of this Society, declaring that each of us a: 


our own knowledge of his services to (Literature or Science as the case may be) believe him to be 
worthy of that honour. : 


(To be signed three Feilows.) 


To the President and Council of Royal Society 
of Edinburgh. 
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xvl 


deem it expedient to publish in the Transactions of the Society, and shall super- 
intend the printing of the same. 


XVI. 


The Transactions shall be published in Parts or Fasciculi at the close of each 
Session, and the expense shall be defrayed by the Society. 

There shall be elected annually, for conducting the publications and regulating 
the private business of the Society, a Council, consisting of a President ; Six Vice- 
Presidents, two at least of whom shall be resident; Twelve Councillors, a General _ 
Secretary, Two Secretaries to.the Ordinary Moctings, : a Treasurer, and a veneer | 


of the Museum and Library. 


XVII. 


Four Councillors shall go out annually, to be taken ncormmns: to the order i in’ 
which they stand on the list of the Council. 


XVIII. 


An Extraordinary Meeting for the Election of Office- Bearer shall be held on 
the fourth ign of November annually. 


- Special Meetings of the Society may be called by the Secretary, by direction 
of the Council; or on a requisition signed by six or more Ordinary Fellows. | 
Notice of not less than two days must be given of such Meetings. | : 


The Treasurer shall receive and disburse the money belonging to the Society, . 
granting the necessary receipts, and collecting the money when due. 
He shall keep regular accounts of all the cash received and expended, which — 
shall be made up and balanced annually; and at the last Ordinary Meeting in 


_ January he shall present the accounts for the preceding year, duly audited. At 


Auditors. 


this Meeting, the Treasurer shall also lay before the Council a list of all arrears 
due above two years, and the Council shall thereupon give such —— as 
they may deem necessary for RRO thereof. : 


| XXL. | 
At the Extraordinary Meeting in November, a Committee of three Fellows — 


shall be chosen to audit the Treasurer’s sax and give the necessary ated 
of his intromissions. | 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


~ a clerk, to be paid by the Society. 


~— 


at the last ordinary st in January, and inserted in the records. 


‘shall specify all the Donations received, and furnish a list of them, and of the 


xvii 


The report of the examination and discharge shall be laid before the Society 


The Secretary shall Minutes of the Extraordinary Secretary 8 
the Society, and of the Meetings of the Council, in two distinct books. He shall, 
under the direction of the Council, conduct the correspondence of the Society, and 
superintend its publications. For these purposes, he _— when necessary, ony 


The Secretaries to the Ordinary Meetings shall keep a regular Minute-book, ih Secretaries to 
which a full account of the proceedings of these Meetings shall be entered ; they | : 


donors’ names, to the Curator of the Library and Museum: they shall likewise ~ 
furnish the Treasurer with notes of all admissions of Ordinary Fellows. They 
shall assist the General Secretary in superintending the publications, and in his 
absence —_ take his duty. 


XXTIL 


_ The Curator of the Museum and Library shall have the custody and charge of a 
all the Books, Manuscripts, objects of Natural History, Scientific Productions, and 

other articles of a similar description belonging to the Society; he shall take an _ 

account of these when received, and keep a regular catalogue of the whole, which 

shall lie in the Hall, for the inspection of the Fellows. — ) 


XXIV. 


All articles of the above description shall be open to the bien of the Use a 
_ Fellows, at the Hall of the Society, at such times, and under such regulations, as 
_ the Council from time to time shall appoint. | 


XXV. 


A Register shall be kept, in which the names of the Fellows shall be enrolled ewe Book. 
at their — with the date. ee 
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TRANSACTIONS. 


L—An Account of some Experiments on Radiant Heat, inrolving an extension 
of Prevost's Theory of Exchanges. By Batrour Srewant, Communi- 
am Professor ForBEs. 


(Read 15th March 1858.) 


Division of Subject. 


1. the first of which is confined to describing 


the experiments performed ; while in the second it is attempted to omens these 
with certain theoretical views regarding Radiant Heat. 


2, The experiments were made with a fourfold object; at least, for the sake 
of clearness, itis well to class them into four distinct groups:— | 
- Grapt. Contains those experiments in which the quantities of heat radiated 

- from polished plates of different substances, at a given tempera- | 


ture, are compared with the quantity radiated from a similar sur- 
face of lamp-black, at the same temperature. __ 

IL. Those in which the quantities of heat radiated at the same tempe- 
rature, from polished plates of the same substance, but of differ- 
ent thicknesses, are compared with one another. : 

III. Those in which the radiations, from polished plates of different sub- 
stances at any temperature, are compared with that from lamp- 
black at the same temperature, or na- 

| ture of the heat radiated. 

TV. Those in which the same comparison thi 

| same of different thick- 


3.. li am indebted to the kindness of Professor Forses for the use of a delicate 


thermo-multiplier, consisting of the sentient pile, and its attached galvanometer 
and telescope ; as well as for much valuable information with regard to the proper 
_ Method of using the apparatus. —_— | 

VOL, XXII. PART I, A 


2 MR B. STEWART ON RADIANT HEAT. 


The following arrangement was a for the great mass of the experi- 
ments :— 


A, Is the sentient pile, with a polished 
brass cone attached to it, forcol- 
lecting the rays of heat. | 

B. Is the galvanometer, the position 
of its needle being read to ;5th 
of a degree by the telescope C. 

D., Is ascreen placed before the mouth 
of the cone in which there is a 
small hole or diaphragm ‘65 inch 
square, The screen is covered 

_ with gilt paper, in order that, 
should it get slightly heated, it 


‘might radiate as little as pos- \ 
sible, | 


The Media body is esi behind the diaphragm, filling up the field of view 
from the cone; so that every ray reaching the cone from behind the diaphragm | 
comes from the heated body. 

In the following experiments, unless the contrary is mentioned, the distance 
of the diaphragm from the mouth of the cone is 2 inches. 

The dimensions of the cone itself are as follows :— 


Length of axis, or distance between centre of mouth ile - 6 inches. 
_ Diameter of mouth or opening, 2°6 inches, _ 
The temperature to which the heated body was raised was generally 212°, 
and the apparatus used for heating it was of the following construction :— 
It consisted of a tin vessel, having its top, bot- 


tom, and sides double (or a box within a box), Ree . 
- and furnished on the top with a lid, also double, oe 
by means of which the body to be heated was ; | Vv 


introduced into the interior. Water was poured 
into the chamber between the outer and inner > 
boxes, and allowed to boil; and, when the lid was 3 
shut, the temperature of the interior was found to rise very wei to thetboiling 
point ; a thermometer placed in the air of the chamber showing a temperature of 
200°, and when lying on the bottom, a temperature of 210°. When an observa- 
_ tion was to be made, the hot body was taken out, and that surface which lay on 
the bottom of the inner chamber placed behind the diaphragm, so as to radiate 
into the cone. In the following experiments, unless the saree is mentioned, 
the body has been heated in this manner. : 
The first swing of the galvanometer needle was taken as representing the in- 
_ tensity of the heating effect; and Professor Forpes has shown, in a paper read 
— before this Society, 2d May 1836, that this will hold up to angles of about 20°, 
- which is the maximum deviation used in these experiments. 
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Observations were always made with as little sunlight as possible ; and under 
these circumstances, it was ascertained that the stray heat reaching the cone 
was inappreciable. The needle, it was calculated, reached the limits of its swing 
about 12 seconds after the heated body had been taken out of a boiling-water 
apparatus. — 
_ Experiments were made to ascertain if the body cooled seasibly during this 
short period of time, and it was found that its cooling was so trifling as not to 
interfere in any degree with the results of these observations. In the following 
experiments, it is therefore assumed that the body remains at its original tem- 
perature of 210° while servation is being made. 
i Four observations were generally made, and three if they ‘aiid together ex- 
ceedingly well, but never fewer. Very often the agreement was exact. 


| First Group of described. 
4. With these remarks, I proceed to describe the experiments belonging to the 


first group, or those made with the view @f comparing the heat radiated from _ 


_ polished plates of different substances with that radiated from a surface of lamp- 
black at the same temperature. | 
_ The reason why lamp-black was chosen as the sliticak | is obvious; for, it is 
known from LEsik’s observations, that the radiating power of a surface is pro- 
portional to its absorbing power. Lamp-black, wliich absorbs all the rays that 
fall upon it, and therefore possesses the greatest possible absorbing power, will 
possess also the greatest possible radiating power. The first substance compared 
with it was glass. 

A. Glass.—A piece of a ‘8 inch thick, having paper coated with 
lamp-black pasted on its surface next the ‘pile, gave a deviation of 18:1. This 
may be taken as the radiation from lamp-black. — 


Three plates of crown-glass, each 05 inch thick, = one behind the hn 
gave . 177 


A single piece of crown-glass of the same gave 
This difference is probably owing to the single plate cooling faster than 

the three plates, It may be argued that the radiation from glass is very nearly 
equal to that from lamp-black ; and indeed this is already well known.* 7 
 B. Alum.-—Here the boiling-water apparatus could not be used, since alum 
becomes calcined at a temperature much below 212°; but a self-regulating appa- 
ratus, invented by the late Mr Kemp, was instead, giving a tem-. 
perature of 98°. | 
A piece of plate-glass 18 inch in thickness gave ‘ . 50 

A piece of alum ofthe same thickness gave . 


The radiation from alum may therefore be ae a to that from glass. 
_ * See Lzsziz’s “ Inquiry into the Nature and Propagation of Heat.” 
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C. Selenite.—At the ‘emperature of 98°— 


A piece of selenite - 125 inch in thickness gave 

Under the same circumstances, glass -18 inch thick 5:0 
In the boiling-water apparatus, | 

The same piece of selenite gave . . . . . 180 

_ While blackened glass gave 


The radiation from selenite -. therefore be seca equal to that from 
alum or glass. 

-D. Mica.—A small box was constructed, having two windows of mica, the 
thieves of the mica in the one being ‘0009 inch, and of that in the other ‘02 inch. - 
This box was filled with mercury (Professor Fornes having suggested the use of — 
that metal, to keep up the temperature, while interfering very little with the radia- 
tion). The whole was then set on a glass dish in the boiling-water apparatus. — 

The radiation from the thin window was, . 
While that from the thick window was, 

As it would have been manifestly erroneous to compare these with the radia- 
tion from blackened glass lying in contact with the bottom of the apparatus, the — 
thin window was removed, and blackened paper substituted i in place of it. 

While the thick mica window gave . ‘ 

The blackened paper gave | 13°8 
in. comparing the radiations from the two winds they were observed 
alternately. We see, therefore, that the radiation from mica, especially thin mica, — 


is less than that from lamp-black in the proportion of 11-2 to 13°8, or the heat 


- from thin mica is 80 per cent. of that from lamp-black. 

__ E. Rock-Salt.—As in the experiments with rock-salt, it was desirable to ob- 
tain results of the greatest possible accuracy, the radiation from the rock-salt_ 
was not compared with that from blackened glass; for it was found that glass 
_ cooled more rapidly than rock-salt. The following plan was adopted : _ 


A piece of rock-salt :18 inch thick (the temperature as in all the — examples 
being about 210°), gave- 


A canister with water kept boiling, « coated with lamp-black, AG 4 ; Pr oes 

In order to estimate how much the rock-salt had cooled during the observa- 
tion, the following experiment was made, without any diaphragm : —_—_ 
| Rock-salt 18 inch thick taken to the cone atonce,gave . . . 5 

After cooling for 15 seconds, it gave 

It will be seen from this, that were the rock-salt, icabenid of cooling during 
the 12 seconds necessary for the observation, kept at the temperature of 212’, it 
would not have given more than 3°3, while the hot-water canister gave 22°0. 

5. From these experiments, it appears that glass, alum, and selenite, at low 
temperatures, have an intensity of radiation very nearly equal to that from lamp- 
black; while mica radiates somewhat less, and rock-salt — less. This is | 
shown by the following table :— 
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TABLE L 


Radiating Substance. 
212° 98° 
amp-black, 100 
98 27 | 
Thick mica, 92 
Thin mica, 81 
Rock-salt, 15 
Second Group of Experiments devoribed. 


6. I now proceed to the second group of experiments, or those penne to 


polished plates of the same substance, but of different thicknesses. 


- gined that this was due to the unequal cooling of the two plates. Indirectly, 
however, we may gather that thick glass radiates somewhat more than thin 


group :— 
A plate of crown-glass -05 nah thick: bein placed before the cone as a screen, and a 
| similar plate -05 inch thick, and 3°75 inches square, being used as the source of — 
heat at a distance of 6 inches, and no diaphragm used, the deviation was 0-95* 
‘10 inch thick, deviation 
became . 1°45 
Such a difference cannot be accounted for by the sini cooling of the plates ; 
and it would seem to indicate that a small quantity of heat from the interior of 


its passage through glass, was easily able to preree the screen. 
tn another similar experiment, 
One plate of crown-glass ‘05 inch thick, gave a deviation of 


B. and C.—No experiments of this kind were attempted with alum or selenite 


* Without any seren, it was caleulatd that the intensity of effect would have been equal to 
ut 15 
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compare together the quantities of heat radiated at the same temperature from 
A. Glass.—No direct experiment of this kind was made on glass; for although 
a thick plate gave a somewhat greater radiation than a thin plate, it was ima- 


glass, from the following experiment, which belongs more properly to the fourth | 


the thick plate reached the surface; which heat, having already been sifted by 7 
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D. Mica.—Experiments similar to those oe described, only at a distance 
of 2} inches from the cone, gave— _ 


For mica, ‘0009 inch thick (average of two sets-@f experiments), . 
For mica, *02 inch thick (average of two sets of experiments), : 9°3 
The experiments already quoted, which were made at a shorter distance from 
the pile, gave— 
For mica, ‘02 inch thick, . 
E. Lock-Salt.—Three pieces of were Their dimensions were— 
| Ist Piece. 2d Piece. 3d Piece. 
Length, 2°15 inch 2°5 inch 


Thickness, 0°36 ... 0°77 ... 


For these pieces, as well as for the other substances, I am indebted to the kind- 
ness of Professor Forbes. When placed behind the diaphragm, the farthest off 


| surface was large enough to fill up the field of view,—that is to say, all rays from 


the cone'striking the nearest surface, struck also the surface farthest off; the dis- 
tance between the two surfaces being the thickness of the piece. 
The following are the means of four sets of experiments :— 


Radiation from 1st or thinnest piece, iy ; : 3°4 
2d or middle piece, . 4:3 
8d or thickest piece, . 5°3 


_This proves that more heat is radiated by a thick than by a thin piece of 
rock-salt. 


following experiments. were by Professor FORBES, to the 
above results. | 


(a.) The secoyd piece of rock-enlt was placed ated behind the 


_ making an angle of 20° with the prolongation of the axis of the cone. A piece of 


fir-wood of the same dimensions was placed in the same way. The two sub- 
stances being compared in this position, and also in the usual position behind the 
diaphragm (viz., perpendicular to the direction of the cone’s axis), the naoens 
was the result :— | 


Rock-salt ‘36 inch thick, . . 40 


Oblique. Usual patio. | 
Wood, same size as rock-salt, ‘ 14.1 | 
In order that this experiment iL ‘be understood, it may be well to mention, 


that, when the plate was placed obliquely behind the diaphragm, it did not quite 
fill up the field of view. Hence the wood gave out less heat to ms cone in this 
than in its ordinary position. 
It appears, therefore, that the radiation from rock-salt, in a direction making . 
a small angle with the surface, bears a greater proportion to the corresponding 
radiation from wood than when both radiations are taken perpendicular to the 
surface. The reason undoubtedly is, that in the former case the rays come from 
a greater thickness of the substance, so that their intensity is increased. 


‘ 

. 
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(8.) The middle-sized piece of rock-salt was bound tightly to the thickest 
piece, with a slip of tin-foil between, so that the whole might coal as one piece, . 
and thus obviate any objeetion that might be brought against the results, 
founded on the unequal cooling of the plates, owing to their thicknesses being 
different. 


The surface ofthe pine facing the pl, gave 
That of the thickest piece, gave . 8:1 


The plates, therefore, still retained their inequality of radiation; but the 
amount from each was increased, owing, no doubt, to reflection and radiation 
from the tin-foil. The radiation from the tin-foil may be estimated at 1:0, de- 

ducting which, we have 5:3 and 71; the increase now being due to reflection 

from the tin-foil. 
7. It thus appears, that while the difference between the radiating power of 
thick and thin glass is so small as not to be capable of being directly observed, — 
‘there is a perceptible difference between the radiation from thick and thin mica, — 
and a still more marked difference between the radiation from plates of rock-salt 
of unequal thickness. 

But (at least with the thicknesses used) the greatest radiations from mica 
and rock-salt were still below that from or and the radiation from rock- 
salt greatly so. 

The following table exhibits the results of the second group of experiments: — 


TABLE IT. 
Radiation from | 
Substance. | thick plate. thin plate. 
Glass, 
89 
100 “ais } 


Third Group of Experiments described. | 

8. - now proceed to consider the third group of experiments, or those made 

with the view of compariny the radiations from various polished surfaces with 

that from lamp-black, as regards the quality of the heat ; its quality being tested 

by its capability of transmission — a screen of the same material as the 
radiating plate. 

A. Glass.—In an experiment already described, where a plate of crown-glass 

‘05 inch thick was used as a screen, and a similar plate of crown-glass as the 

‘source of heat— 


A similar plate thick the ave . 1-45 
Blackened paper attached to a similar surface of patos, 3 inch thick 


| 
| 
| 
| 
| 
| 
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- Therefore heat from a thin plate of glass is less transmissible — glass 
than heat from blackened paper. 
B. and C.—No experiment of this nature was made with alum or ‘selenite. 
D. Mica.—The apparatus already described gave— 
Without With mica screen, 


0025 inch thick. 
For window (the window, it will be borne in mind, is the radia- 
ting surface), ‘0009 inch thick, 112 2°5 
Window °02 inch thick, . 3°2 
Blackened paper attached to aie lying on - the bottom of : 
the boiling-water apparatus, gave . 21:0 


We have therefore the proportion of heat passed °y mica screen— 


For heat from thin mica window, . ; 223 


blackened | paper, ‘ 


__ E. Rock-Salt.—The thickest piece of rock-salt (thickness ‘77 inch) being used as 
a screen, and the diaphragm withdrawn, in order to give greater results; the middle- 
sized piece of rock-salt gave— 

With screen. Without screen. 
7 6:1 196 

The same screen seni 3 rays out of 12 for ordinary lamp-black heii : 

_ This experiment is sufficient to show that rock-salt is much less diatherma- 
nous for heat from rock-salt than for ordinary heat. The common opinion, that 
rock-salt is equally diathermanous for all descriptions | of heat, i is therefore un- 
tenable. | 
9. From the third group of experiments it appears, therefore, that heat emit- 
ted by glass, mica, or rock-salt, is less transmissible through a screen of the same 
material as the heated plate, than heat from lamp-black ; this difference a 
very in the case of rock-salt. 


Fourth Group of described. | 
10. I now proceed to the fourth group of experiments, or those made with the 
view of comparing the radiations of plates of the same substance, but of different 
thicknesses, with regard to the quality of the heat radiated. 
A. Glass:—It has been already shown (Art. 8), that heat from. ee aa 
‘05 inch thick is less transmissible through glass, than that from crown-glass — 
‘10 inch thick. | \ 
* B. and C.—No experiments of the kind were made on sen or selenite. 
D. Mica.—It has been already shown (Art. 8), that heat from thin mica is less 
transmissible through a mica screen than heat from thick mica. 
E. Rock-Salt.—With a screen of rock-salt 18 inch thick, the following result 


was obtained :— 


Thickest piece of rock-salt, heated to 210° thickness 
Middle sized ... (thickness *36 inch), gave 
Thinnest piece thickness ‘18 inch), 


| 
| 

| 
| 

| 
| | 
| 
| 
| 

| 
| 
| 
| 
| 
| 
| 
| 
| 
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Without any screen, the same pieces gave— | 


Thinnest, . . 

thinnest ‘33 

A aie conuaia with a screen ‘29 inch thick, g gave— 
With screen. Without screen. a passed. 

5:4 
Thinnest, . 3-5 ‘33 


It follows from this, thet a screen of rock-salt passes heat from thick, more 
easily than heat from thin rock-salt. | 
11. From this fourth group of experiments, we learn that heat from thick 
plates of glass, mica, or rock-salt, is more easily transmitted by screens of the 
same nature as the heated plate than heat from thin plates of these materials. 
The following table exhibits the results of the third and fourth group of ex- — 
periments : | | 


IIL. 
No. of Rays out of every 100: 
that pass through ascreen | No. of Raysof Lamp-black 
: of the same material as the | Heat, out of every 100 that 
Source of Hest. _ [source of Heat in lst column,| _ pass through the same 
the screen being of only one ; screen, 
| thickness for each material. 
Glass (crown Psthinch thick), . 0°66 
Glass (crown inch thick), . . 10 } 
Mica (thickness ‘0009 inch), . . 30 
Mica (thickness ‘02 inch), . . . } 
Rock-salt (thickness ‘18 inch), . .| 38 
2 Rock-salt (thickneSs ‘36 inch), . . 41 | 82 (Art. 12) | 
Rock-salt (thickness -77 inch), . . 


Results deducible from the 


12, These experiments, as well as others yet to be described, may be ex- 
_ plained by Prevost’s theory of exchanges, somewhat modified. 

_ In the first place, it would seem to be a consequence of this theory, that radia- 
tion must take place from the interior as well as from the surfaces of bodies. 
For suppose that we have two indefinitely extended surfaces of lamp-black, as 


in the figure, and between them a plate of rock-salt of a certain thickness, also 


indefinitely extended; and let the whole be kept at the same temperature. _ 
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since the temperature of the rock-salt remains the same, it. must radiate as much © 
as it absorbs. But a thicker plate of rock-salt, placed under the same circum- 
stances, would absorb more of the heat radiated from 
the lamp-black, because each ray would have to pass 
through a greater depth of the substance of the salt ; 
hence a thick plate of rock-salt must radiate more 
than a thin plate. We see, likewise, the reason for — 
the small radiative capacity of rock-salt to be its 77/7#yf/Bige 
small absorptive capacity. In order to prove this ~~~ aoe ams 


deduction from Prevost’s theory experimentally true, the following — 
was devised :— 


Yj 


A boiling-water canister, coated with lamp-black, was put behind the dia- 
phragm, filling up the field of view, and the three pieces of rock-salt heretofore 
_ used as sources of heat, were now separately used as screens, being put before 

the diaphragm, so that the heat from the canister had to pass through their sab- 
tance before reaching the: cone. The following was the result :— 


Without any Screen of Rock- Screen of Rock- Screen of Rock- 


Screen. salt, inch thick. salt, inch thick. salt, -77 inch thick. 
Radiation from Canister, . . 17°6 15°8 
The difference between heat absorbed. plate, thickness inch, Is 1:2 
that absorbed by plate, . thickness =-36 inch, $ Mean 1-1. 
Another similar experiment gives. 0-9 


_ And that absorbed by plate, ; A thickness = °77 inch, 


The difference between heat absorbed by plate, thickness = ‘36 inch, Is 1:0 
Mean 1-1 
Another similar experiment gives 


These should nearly correspond with the differences between the radiations 
from the same plates, under their ordinary circumstances of position (if the theory 
be true which asserts that the — of such a aie equals its radiation) ; 
accordingly we find that 


The difference between heat radiated by plate, Pee 18 inch, Is 09 
And that radiated by thickness = ‘36 inch, 


While the difference between radiation of plate, thickness =: ‘36 inch, Is 1-0 
And that of plate, ..... =°77 inch, ~ 


(Art, 6, mean of four sets of experiments). 


We see, therefore, that there is an agreement between the two sets of differ- 
ences, as near’as can be reasonably expected. 

13. If we now suppose a plate of glass, and not a Prep of rock-salt, placed be. 
tween surfaces of lamp-black, the plate, whether thin or thick, will allow scarcely 
any heat to pass through it ; and, consequently, plates of different thicknesses will 
all absorb very nearly the same amount,—that is, nearly all that enters them. 
In this case, therefore, the radiation (which is equal to the absorption) will be 
very slightly increased by an increase of thickness of the plate. Also the amount 


| 
| 

| | 
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of heat radiated, being equal to the heat absorbed, = be very nearly as great as 


that from lamp-black. 

14. There are, therefore, two s peseiiestens of the radiation from plates of dia- 
thermanous substanees, and which are most marked for _— substances which 
are most diathermanous. 

lst, That the amount of radiation from such plates is less than that a 
lamp-black. 

2d, That the amount. of radiation from such lates | increases with the thick- © 
ness of the plate. 

_ The correlation between these different properties of bodies is seen from the 
following table :— 


TaBLe IV. 


Rodi Bodies ranked according to 

Bodies ranked according to their Radia- hei the proportion by which their 
ting Capacity (least radiating first). their Disthermancy (mos Radiation is increased by in- 
Giathermanous — creasing the thickness. 


A A stratum of gas. | 
Mica. Mica: Mica. 
Glass. | Glass, Glass. 
Selenite | Selenite. | 
: Alum. 


15. The reason why radiation has hitherto been supposed to be confined to 
the surface, or to an exceedingly small distance below the surface of a body now 
becomes obvious. The effect of coating a surface of polished metal with gum, for 
instance, is to increase the radiation; but, after a very small thickness of film, 
an additional coating is powerless to increase the radiation; the reason being, 


not that radiation is incapable, in all cases, of taking place, except at the sur- 
face; but because, such films being exceedingly impervious to heat of low tempe- 
-ratures, the radiation from them is very little increased by increasing their thick- 


ness. | | 
Since, therefore, it appears that radiation takes place from the interior as weil 


| as from the surface of bodies, the question arises, are we to suppose each particle 
of each substance to have, at a given temperature, an independent radiation of 
its own, equal, of course, in all directions? A priori, this is the most probable 


supposition, and it seems likewise to be conformable to experiment. 


| 

| 

| 

| 
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In an experiment already described, 
A plate of crown-glass ‘05 inch in thickness being used as a screen, the — of heat 


radiated from crown-glass °05 inch thick that passed, was . 0°95 
While of that radiated from crown-glass, ‘10 inch thick, there passed 1°45 
Another experiment gave— | | | 
Quantity of heat from crown-glass ‘05 that passed, . So ee 
Quantity radiated from two plates of —— each 05 inch thick, the one placed ae 
loosely behind the other, . ‘ 1°55 


From this we may infer, that the two glass placed 
loosely behind each other, is the same as the radiation from a plate of double the 
thickness, and, consequently, that the radiation from a particle of a substance 
does not diminish, owing to its being placed in the interior.* | 

17. Let us now refer to the radiations from rock-salt :— a 


The radiation from a piece 18 inch thick, was. ; 8 
That from a piece °36 inch thick, was. ee 
That from a piece “77 inch thick, was... 5°3 


Now, if we suppose the radiation of a particle i in the interior to be as intense 
as that of a particle at the surface, why, it may be asked (since rock-salt is ex- 
tremely diathermanous), does not a piece of double the thickness give nearly a 
double radiation, ad so on, the radiation increasing very nearly as the thickness? 
If we still hold the doctrine of an equal and independent radiation from every 
particle, we are shut up to the conclusion that rock-salt must be comparatively 
opaque to heat radiated by itself,—a result which is abundantly confirmed 7 | 

experiment. 
Thus, while the radiation from rock-salt ‘18 inch thick, without any screen, 
= 3 4, with a screen of rock-salt -18 inch thick it becomes 1°l. | 
: If, therefore, we have a piece of rock-salt of double this thickness, or 36 inch 
thick, we should expect that the radiation from it would be =3°-4+1°1=4°5. It 
is, in fact, 4°3. The difference (0-2) being within the limit of error of observation. 
_ In rock-salt, therefore, we may suppose each particle to have an —" 
radiation of its own, unaffected by its distance from the surface. 7 

18. We see, therefore, that the opacity of rock-salt with regard to heat an 
ted by itself, is a consequence of the admission, that the radiation from rock-salt 
does not increase so rapidly as the thickness increases; and this again results 
from the fact, that the absorption of heat by a plate of rock-salt does not in- 
crease so rapidly as the thickness increases. This, again, is due to the fact, that 
the first part of the plate of rock-salt sifts the heat so that it is more easily trans- 
mitted by the second part; and this confirms the results arrived at by Professor 
| ForBEs, who, finding that rock-salt stopped heat of low temperature rather more 


* The idea of this experiment war derived from a remark of Professor Forses, who 
that several plates of rock-salt, the one behind the other, might be advantageously substituted for a 
thick plate of the same material, as giving the very same result. _ 


| 
| 
| 
| 
. 
| 
| | 
| | 
| 
| 
| 
| a 
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readily than heat of high temperature, concluded that there are a few rays for 
which rock-salt is opaque.* | 

We conclude, therefore, that every ody which sifts heat in its passage through 
its substance, is more opaque with regard to heat radiated by a thin slice of its 
own substance, than it is with regard to ordinary heat. | 

19. This conclusion may be also stated thus : We have before proved (Art. 12.) 
that the radiation of a thin slice of any substance equals its absorption; we now 
add, that the heat radiated is the same as that absorbed, with regard to quality 
as well as quantity. | 

For this expresses the fact, that substances which sift heat are likewise opaque 
_ with respect to heat radiated by themselves. For, since the heat which they ab- 
sorb is manifestly that kind of heat for which they are opaque, if the descrip- 
tion of heat radiated is the same as that absorbed, then they will also be opaque — 
with respect to heat radiated by themselves. Considering, therefore, the heat of © 
any temperature to consist of heterogeneous rays, we may state the law thus: — 
« The absorption of a plate equals its radiation, and that for every description of 
_ 20. A’more rigid demonstration may be given thus :—Let 
AB, BC be two contiguous, equal, and similar plates in the inte- : 
rior of a substance of indefinite extent, kept at a uniform tempe- ——~> 
rature. The accumulated radiation from the interior impinges — 2 
_ on the upper surface of the upper plate; let us take that portion C 
_ of it which falls on the particle A, in the direction DA. This ray, in passing 
from A to B will have been partly absorbed by the substance between A and B; 
but the radiation of the upper plate being equal to its absorption (since its tem- 
perature remains the same), the ray will have been just as much recruited by the 
. united radiation of the particles between A and B, as it was diminished in inten- 
sity by their absorption. It will therefore reach B with the same intensity it 
had at A. But the quality of tne ray at B will also be the same as its quality at 
A. For, if it were different, then either a greater or a less proportion would be ab- 
sorbed in its passage from B to C, than was absorbed of the equally intense ray 
at A, in its passage between A and B. The amount of heat absorbed by the par- 


D 


* To take a numerical example, let us suppose ‘the heat from a single plate of rock-salt to 
be =1, then the heat from a plate four times the thickness, or (which is the same thing) the heat 
from four single plates, one behind another, should be nearly four times as much, or =4 (if we sup- 
_ pose the heat from each of these four plates to be readily passed by the plates between it and the 
pile), but the heat from the fourfold plate, instead of being four times as much, is not double of the 
heat from the single plate; hence, the heat from any of the interior plates of the compound plate is 
passed with great loss, by the plates between it and the pile. Now, since the absorption of a plate 
equals its radiation, the reason why the fourfold plate scarcely radiates twice so much as the single 
one is, that it scarcely absorbs twice as much; and this again is due to the fact, that the heat after 
it has passed the first plate of the fourfold plate has become sifted, and passes with little diminution 
of intensity through the other three plates. — 
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ticles between B and C would therefore be different from that absorbed by the 
particles between A and B. But this cannot be; for, on the hypothesis of an 
_ equal and independent radiation of each particlo, the radiation of the particles 
between B and C is equal to that of the particles between A and B, and their 
absorption equals their radiation. Hence the radiation impinging on B, in the 
direction of DB, must be equal in quality as well as quantity to that impinging 
upon A; and, consequently, the radiation of the particles between A and B must 
be equal to their absorption, as regards quality as well as quantity; that is, this — 
equality between the radiation and absorption must hold for wpb individual de- 
_ scription. of heat. 

21. The following experiment illustrates this law :— 


The quantity of heat radiated from crown-glass ‘05 inch thick, which passes through 
a crown-glass screen, ‘05 inch thick, = 0°95 
While that from plate-glass 3 inch thick, covered with blackened paper (the 
blackened paper being next the pile), which passes through the same screen, =1°95 
But, if the surface of crown-glass -05 inch thick, farthest from the pile be 
| coated with paper, the polished surface being next the pile, then the amount | 
of radiation which passes the screen, . = 1°85 
And if three plates, the one behind the other, ‘of crown-glase, anh 05 ‘eihs : 
thick, be used as the source of heat, the surface farthest from the pile of the. - 
farthest off plate only being covered with Paper. the amount of radiation 
which passes the screen, = 1-95 
‘Such a plate of glass, or series of having the farthest off 
— surface coated with paper, gives out heat. similar to that from paper or lamp- 
black; the reason being, that the heat from the paper on the farthest off surface _ 
is as much recruited as it is absorbed by its passage through the glass, both as | 
regards quantity and quality ; ; so that the radiation which falls upon the cone is 
that from paper or lamp-black. 

22. There is little difficulty in explaining why heat from a thick plate of any 
substance should pass more readily through a screen of the same substance than 
that from a thin plate. The reason is, that the heat from the interior of the 
thick substance, having been sifted in its passage, is, therefore, now more easily 
able to pass through a screen of the same substance. 3 

23. We see also why, generally speaking, bodies at the same temperature ra- 
diate the same quality of heat; let us, for instance, take a tolerably thick plate 
of glass, and a surface of lamp-black, and compare them together. Since the 
plate of glass absorbs nearly all the rays that fall upon it, it will radiate nearly 
as much as lamp-black ; and since the quality of the radiated is the same as the 
quality of the absorbed heat, its radiated heat will very nearly have the same 
quality as that which is radiated by lamp-black. | 


The Infisenen of the Relestioe and Refractive Powers of Bodies on theirRadiation considered. 


24. Hitherto, in these investigations, no account has been taken of reflection 
at the surfaces of the plates, because—1st, those rays only were considered which 
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passed perpendicularly, or nearly so, through such plates; and, 2d, because the 
indexes of refraction for the substances experimented on were not very high. 

But for rays passing obliquely through such media, or for rays passing in any 
direction into substances, such as metals, we must take account of reflection from 
the surface, which will influence materially our results. 

Thus, no substance is so opaque for heat as metals, but yet only a small por- 
- tion of the heat falling on them is absorbed, the rest being reflected back; conse- 
quently for such bodies the radiation sae must be equal to the absorption) 
is very small. 

It is also desirable, for another reason, to investigate the laws according to 
which the reflective nature of the surface of a body influences itsradiation. For the 
question arises, Is the law of an equal and independent radiation of each particle of 
a body theoretically consistent with equilibrium of temperature? That is, suppose 
we have any irregularly-shaped inclosure walled round with a variety of substances, 
and each particle of each substance radiating into the inclosure, from the sides of 
which it is reflected many times backwards and forwards before it is finally ab- 
sorbed,—this being the case, will the law of equal and independent radiation, and 
_ those of reflection and refraction, so fit with one another, that every particle of the 
walls of the inclosure shall absorb precisely as much heat as it radiates? It will 

be endeavoured to show that these laws are so adapted to each other; and I shall . 
: select for the proof a definite form and description of inclosure, th: conclusions 
arrived at rendering it highly probable (if not rigidly demonstrating) that the same 
adaptation will hold good for every inclosure, however irregular or varied. 
For those reasons, I shall now endeavour to investigate what connection the 
_ radiation of a substance has with the reflective power of its surface; and in doing | 
so (in order to abstract entirely from the effects produced by the variable thick- 
_ hess of the radiating plate), I shall suppose it to be of indefinite thickness; so 
that all the heat which enters it is absorbed. issu consideration is, therefore, 
_ limited to the effects of one surface. 

25. Let AB be a portion of the line of section een ae 

. of an indefinitely extended surface with the plane “itty 
of the paper supposed perpendicular to the sur- 
face, and let this surface belong to a body (M) 
of indefinite thickness downwards; also let 


there be an indefinitely extended surface of = 4 | 
lamp-black parallel to this lower surface, as M 
in the figure. Lastly, let the whole be kept at aes \ 


a uniform temperature. In order that the body 

(M) may be maintained at this temperature, it is necessary that the heat which 
has left the surface AB, having come from the interior of (M), in the directions 
. contained in any very small angle CAD, shall be replaced by an equal quantity of 


| 

| 


16 MR B. STEWART ON RADIANT HEAT. 


heat entering the surface AB, to diverge into the intérior through the same small 
angle CAD. For, by this arrangement, it is clear the particles in CAD get bak 
as much heat as they give out. 

Part of the heat, no doubt, which fell on A in any direction DA, would be 
reflected back in the direction AD’, making the same angle with the surface as 
AD; but this loss would be made up for by part of the heat falling on A, in | the 
direction D’A, being also reflected back in the direction AD. 

The internal reflection at A being thus compensated for, if the heat that really 
leaves the medium be also compensated for, then as much heat will be passing at 
A in the direction AD as will be passing in the direction DA. It will be the 
same, therefore, as if the body, instead of having a surface at A, were indefinitely 
extended upwards from A, as well as downwards; in which case, as has been > 
already shown (Art. 20), there will be equilibrium of temperature, provided that 
the radiation of a particle is equal to its — and that for wrery or 
tion of heat. 

Before proceeding further with this investigation, a will be necessary to 
establish some preliminary propositions. 

26. 1st Preliminary Proposition. 

The heat which falls on the line AB in the directions contained 1 in the my smal] 
angle CAD, is the same which falls on AE, perpendicular | 
to EB, through the same very small angle. For everyray { ? § 
which fell on AB passed through AE, with the exception of 
a small quantity which passed through EF ; but the angle 
EBF being very small, EF is very small compared with | 
AE, and consequently the heat falling on EF may be ne- 
elected in comparison with that falling on AE. | 
3 It is clear also, that the heat falling on AB is te atescees to AB, and to the 

size of the very small angle CAD. 
The above will still hold, if, instead of the sini of which AB is the sur- 
. face being supposed below AB, and the rays falling on it through a vacuum, we 
suppose the substance to be indefinitely extended upwards, and the rays to 
originate in the substance itself, and fall on its surface AB. 

For, although any ray GE, which falls on E, will be partly absorbed between 
E and B, it will be as much recruited by the united radiation of the particles 
between E and B as it was absorbed ; so far, indeed, as regards quality and inten- 
‘sity (from what has been already proved, Art. 20), we may consider such a ray 
to be traversing a vacuum, it being eeeretios just in proportion as it is ab. 
sorbed. 

It is evident. also, that in this case the quantity of heat falling on AB will be 
proportional to the size of the very small — CAD. 


. 
‘ 
| 
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27. 2d Proposition. 
1st Case.—If AB represent a scicface (the cshstenie being below AB), andCF a 
surface of lamp-black indefinitely extended (as in Art. 25), 


from which rays fall on AB through a small angle CAD; ‘> — 

then, if AE be drawn perpendicular to GB, the heat that _ 

falls on AB will = a constant x AE, whalgyet be the E 
value of the angle CAB. \ 


| For, since the angle CAD is exceedingly small, cp may | 

be considered very small in comparison with CF or CG; therefore the heat which 
impinges on AP through the angle CAD may be taken to be that which radiates 
from CG in directions between CA and DA; but, since the radiative power of lamp- 
black in any direction varies as the sine of the angle which that direction makes 
with the surface, this will = const.x AE. Hence, if RxCAD be the quantity | 
of heat which falls on AB, when AB is perpendicular to GB, that which falls on | 
it when GB makes any angle GBA with AB, will be Rx CAD sinGBA. | 

_ Ifa denote the angle which GB makes with the perpendicular to AB, then the 
heat impinging on AB will be Rcosz x CAD. 

2d Case.—If the substance be above AB, and the rays falling on AB originate 
_in the substance, the same formula will hold ; for it has been shown, in Prop. 1st, 
that in this case, the heat falling on AB through the small angle CAD = that 
_ which falls on AE through the same small angle; but, since the radiation from 
the interior of the substance is the same in all directions (each particle radiating | 
independently and equally in all directions), the amount falling on AE will not 
be affected by the angle which AE makes with the surface; hence the heat fall- | 
ing on AB =const. x AE=const. x sinGBA. | 

If R’ x CAD=quantity which falls on AB when AB is perpendicular to GB, that 
which falls on it when GB makes any angle GBA with AB, will be R’ x CAD sin 
GBA; also the expression corresponding to R cost x CAD will be R’ Cost x CAD. 

28. 3d Proposition. 

Let a ray strike the surface of a medium, at an angle of incidence =i; and 
another ray at an angle of incidence i+ di, it is. required to find the difference 
between the two angles of refraction. | 

Let p be the index of an then, 


sin i=p sin 

Hence, (sin i) = (sin?) 

a; 


29. I shall also make the following apposition with aa to the laws of re- 
flection and refraction. | 
VOL. XXII. PART I. | 2 
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1st, That if Q represent the quantity of heat falling on the sur- 
face of a medium in any direction CA, and aQ be the quantity of 
heat reflected, then (l—a)Q is the quantity of heat refracted into 
the medium in the direction AC’. This follows from the law of 
the conservation of vis viva. 

2d, That if the same heat Q originate in the madinwn, and pon ! 
A in the direction C’A, the quantity reflected back into the medium will be aQ 
and the quantity refracted out in thé direction AC will be (1—a) Q. 

30. These preliminary propositions being established, and suppositions made, 
let us suppose that heat from the surface of lamp-black strikes the surface AB of the — 
indefinitely thick medium (Fig. Art. 25) through a small angle Oi (i being the angle 
of incidence), by Proposition 2d, the quantity of this heat will be R cos iéz; while 
the part of it which enters the substance we shall call (1— a) Rcosidt. These rays © 


will diverge in the substance through an angle dy= £28! = i (Prop. 3). 


But the — of heat that falls on AB from the sities — this angle 
will be 


FR’ cos voi = =R’ cos cos idi, 
pcost | 

and the portion of this which leaves the medium will be o-9 _ cos 163, 

Equating this with (l—a) Reosidi, which enters the medium, we hike 


z =R or R’=pR. With this supposition, therefore, the law of an equal and 


independent radiation of each particle will give us equilibrium of temperature in 
the particular case under consideration. Had R’ been a function of 7, it would — 
have shown that the law of an equal and —_w radiation was inconsistent 
equilibrium of temperature. 

31. Only part, however, of the heat from the lninip-hliael falling on AB en- 
tered intothe medium, a portion of it =aRcosiéi being reflected back to the 
lamp-black, hence the total quantity of heat radiated and reflected which leaves — 
the surface AB through the small angle 6% will be = Rcosidi, the same as if 
the substance had been lamp-black, the only difference being, that, in the case 
of lamp-black, all this heat is radiated, whereas in other substances only part is 
vadiated, the remainder being reflected heat. 

32. Although we have considered only one particular case, yet this is quite 
~ sufficient to make the general principle plain. Let us suppose we have an inclo- 
sure whose walls are of any shape, or any variety of substances (all at a uniform 
temperature), the normal or statical condition will be, that the heat, radiated and 
reflected together, which leaves any portion of the surface, shall be equal to the 
_ radiated heat which would have left that same portion of the surface, if it had 

‘been composed of Jamp-black. And, indeed, we may see, from what has been 
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already proved, that, should such a state of things only once take place, it wena 
always remain, there being no disposition to alter it. 


Let us suppose, for instance, that the walls of this inclosure were of polished | 


metal, then only a very small quantity of heat would be radiated; but this heat 
would be bandied backwards and forwards between the surfaces, until the total 
amount of radiated and reflected heat together became equal to the radiation 
of lamp-black.* 

33. The equation R'=,R must necessarily hold for every individual description 
of heat. We have, therefore, two laws necessary to the equilibrium of tempera- 
ture,—1st, That the absorption of a particle is equal to its radiation, and that for 
every description of heat; 2d, That the flow of heat from the interior upon the 
surface of a substance of indefinite thickness, is proportional ceteris paribus to its 


_ index of refraction, and that for every description of heat. It will, however, be — 


borne in mind, that the former of these laws has been verified by experiment, 
_while the latter is only deduced from a theoretical investigation. It will also be 
seen, that by increasing the thickness of the radiating plate indefinitely, the 


re becomes ultimately independent of the camenuancy of the plate and 


ted only by its refractive index. 

34. The connection which we have attempted to trace bationen the refractive 
and radiative power of a substance, presumes that those rays which we have been 
- considering, have the power of forming wave lengths within the medium under 
consideration; that is, of being capable of proper reflection and refraction. 

It may be, however, that glass and other similar substances are so opaque, with 
respect to most of the rays of heat of low oe as to stop them almost 
entirely at the surface. — 


As such rays may, therefore, be conceived to be absorbed within the limit of 


‘ the physical surface of the medium, the corresponding radiation may be conceived 
to proceed from this physical surface. To such a case we may perhaps sup- 
pose reasoning similar to that of Fourrer (as given by Professor Fores in the 


* This will be clearly seen if we consider only those rays that are radiated perpendicular to the 
surface in the case of two parallel plates of polished metal of the same description radiating to one 
another. For let r be the common radiation of the point C in direction CD, and. c 
of the point D in the direction DC, then since these radiations are bandied 
backwards and forwards in the directions CD, DC, until they are extinguished, 
we have the total quantity of heat falling on D in the direction CD (if ar de- 
note the proportion of r reflected after one — reflection) expressed as follows :— 


24.43 
Total heat radiated and reflected, _ air+, be. het? +o) 
falling on D, —s 


But 1 —a denotes the absorptive power mn the metallic surface (all the heat not a ae being tan 
Hence, since the radiative powers of bodies are proportional to their absorptive powers (Lesxie's 


= (since a<l) 


Inquiry), 1 — the absorptive power of lamp-black, the perpendicular radiation of a lamp-black 
. point will be= fm which is the very same expression we have obtained for the total heat radiated — 


1 | 
and reflected together, falling on D, in the same perpendicular direction from the metallic point C. 
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Philosophical Magazine for Feb. 1833) to be applicable; the intensity of radiation 


_. being therefore proportional to the sine of the angle which the direction makes 


with the surface. 


35. Let us now see, in conclusion, erhethioe these investigations seem to point — 


out any connection between internal radiation and conduction. 
_ Now, without in the least affirming that these are identical, there seem to 
be two points of similarity between them. | 
Ist, Since the heat which enters metals is all absorbed at a very small dep th, 
it follows that the flux of radiant heat from within upon the interior of a metallic 
surface is derived from a very small depth. | | 
Also, if we allow (what it has been endeavoured to prove, Art. 30) that the 
flux of heat upon the interior of a surface is proportional to the index of refrac- 
tion, this flux will be greatest in the case of metals, which may be supposed to 
have a very high refractive power; besides which, it will, as we have seen, be 
derived from a very small depth. The radiation of a metallic particle is there- 
fore very great. 

Now, if internal radiation be in any way connected with conduction, we might 
‘expect that good conducting substances should also be good internal radiators 
of heat, and we see they are so. 

‘2d, The second bond of similarity is this. It seems to be a law that sub- 
stances are almost invariably more diathermanous for heat of high temperature — 
than for heat of low; consequently, at high temperatures, the radiation of a thin 
‘plate or particle of a substance will bear a smaller proportion to the total lamp- 
black radiation of that temperature than at low temperatures. The internal 
radiations of particles of bodies would therefore diminish at high temperatures 
(not absolutely, but with respect to the proportion which they would bear to the 
total radiation of these temperatures). If the same rule holds for metals, and 
conduction be connected with internal radiation, we should expect that at high 
temperatures the conducting power of metals would be less than at low tem-. 
peratures. Now this has been proved to be the case by Professor ForsEs. 


9th March 1858. 


| 
a 
| 


( 21) 


I1.—On the Constitution of Flame. By Swan, Esq. 
| (Read 17th January 1859.) 


If we examine the flame arising from the combustion of any of the hydro- 
carbons, such as that of coal-gas, or of a common candle, it will be found to con- 
sist of several portions easily distinguishable by the eye, and in which the matter 
composing the flame exists in very different conditions. There is, first, a central | 
non-luminous region, in which the gases are not yet ignited; secondly, a blue 
conoidal envelope, extending from the wick or burner, and gradually thinning out 
towards the top of the flame; thirdly, a more or less uminous conoid, thin to-— 
wards the bottom of the flame, where it is enveloped by the blue conoid, but 
thicker towards the top. And fourthly, a faintly luminous outer envelope, com- 
pletely surrounding the other portions of the flame, and greatly developed towards 

the top. 
In the blue part of the flame, where the supply of oxygen is abundant, the 
carbon seems to undergo combustion in a gaseous state along with the hydrogen. 
In the interior luminous region, where there is less free oxygen, carbon is disen- 
gaged in a solid form, and the brilliant light which is generated arises from the 
incandescence of its particles. The exterior envelope is supposed,fo consist of — 
matter which has undergone combustion, but wan | is still at so high a dine apt 
ture, as to be incandescent. | 

When a flame is urged by a blow-pipe, a me sale of oxygen is forced 

into it. The greater portion of the carbon, which otherwise would have ap- 
: in a solid form, before undergoing combustion, is consumed in a gase- 
oas state. The blue part of the flame thus becomes greatly developed, and — 
appears as a sharp well defined cone; while the faintly luminous envelope sur- 
‘rounding it also assumes a regular conical form. The inner blue and outer 
faintly luminous cones are well known to chemists as possessing very diverse 
properties. In the outer cone, from the presence of an excess of oxygen, bodies _ 
become rapidly oxidated ; while in the inner cone, from the redundance of uncom- __ 
bined inflammable matter, a powerful deoxidizing energy is exerted. Such are 
the principal facts hitherto recognised regarding the constitution of flame. oe 
_ Two years ago, when I was engaged in a series of experiments on the pris- 
matic spectra of the flames of the hydro-carbons, my attention became directed to 
Professor Draper’s very ingenious paper, “On the Production of Light by 
_ Chemical Action,” in the 32d vol. of the London Philosophical Magazine. In 
that paper, the author advances an entirely new view regarding the nature of 
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flame, founded on the principle, that “‘ There is a connexion between the re- 
frangibility of the light which a burning body yields, and the intensity of the 
chemical action going on; and that the refrangibility always increases as the 
chemical action increases.”* On this principle, Professor Draper reasons as fol- 


lows :—“ All common flames, as is well known, consist of a thin shell of ignited 


matter, the interior being dark, the combustion taking effect on those points only 
which are in contact with the air. From the circumstances under which the air 
is usually supplied, this ignited shell cannot be a mere mathematical superficies, 
but must have a sensible thickness. If we imagine it to consist of a series of 


strata, it is obvious that the phenomena of combustion are different for each. 


The outer stratum is in absolute contact with the air, and there the combustion is 
most perfect ; but by reason of the rapid diffusion of gases into one another, cur- 


rents, and other such causes, the atmospheric air must necessarily pervade the burn- 
_ ing shell to a considerable depth; and in the successive strata, as we advance in- 


wards, the activity of the burning must decline. On the exterior stratum oxy- 
gen is in excess, at the interior the combustible vapour, and between these limits 
there must be an admixture of the two, which differs at different depths.” Ad- 
mitting the principle already enunciated, Professor Drarer adds,—“ It follows, 
that each point of the superficies of every flame, no matter what the combustible 
may be, must yield all the colours of the spectrum, the violet coming from the 
outer strata, the yellow from the intermediate, and the red from those within. - 
If we could isolate an elementary horizontal section of a flame, it should exhibit 


_ the appearance of a rainbow ring.” + 


The results I had obtained in my experiments, led me to doubt the correct 
ness of these views ; for I found, that while the envelope of a hydro-carbon flame 


- formed an absolutely continuous spectrum, extending from about the line C nearly 
to the line H of Fraunnorer, the bright inner cone formed a totally independent 


spectrum of superior brilliancy, also quite continuous, and of still greater extent; 
and the blue cone had a remarkable interrupted spectrum, peculiarly its own, whose 


- extreme visible portions lay, respectively, between the lines D and E, and close to | 


the line G of Fraunnorer. While my experiments thus amply confirmed what 
was already known regarding the very diverse character of the different portions 


of a hydro-carbon flame, they at least did not corroborate the idea of the re- 
_ frangibility of its light, varying from its outer to its inner regions. Thus, 


the envelope, the blue conoid, and the bright conoid, which successively enclose 
each other, all produce spectra, having rays corresponding with the lines B and. 


i of FRAUNHOFER; lines which differ greatly in refrangibility. It was, moreover, 


a matter of perfect indifference, so far as I could ascertain, from what precise 


point the light was derived. Whether the light were taken from near its outer 


* Philosophical Magazine, vol. xxxii., p. 103. Ibid., vol. xxxii., p. 104~105. 
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or inner surface, each conoid always produced its own peculiar spectrum, or rays 
of the same refrangibility. In describing my experiments, however, I purposely 
made no reference to Professor Draper’s peculiar views, for I had not then had 
leisure to examine them with sufficient care. The object of the present paper is 
to state the result of a careful repetition of the principal experiments by which 
Professor DRAPER conceives he has demonstrated the existence, in flame, of con- 
centric layers producing light of varying degrees of refrangibility. 

Professor Drarer’s method of analysing the light of a flame, which is exceed- 
ingly ingenious, is thus explained by him. “The instrumental arrangement I have 
employed is as follows:—The rays of the flame, of which the examination is to 
be made, pass through a horizontal slit one-thirtieth of an inch wide and one inch 
long in a metallic screen, and are received at a distance of six or eight feet on a 
flint-glass prism, the axis of which is parallel to the slit. After passing the prism, 
_ they enter a small telescope, which has a divided micrometer, and also parallel 
wires in its eye-piece. Through this telescope the resulting spectrum is viewed.” * 
The reason why the slit is placed horizontally, and the light refracted in a vertical 
plane, he states to be as follows:—‘ In this arrangement the slit should be hori- 
zontal, and not vertical. So far from its being immaterial which of the two posi- 
tions is selected, very great advantages arise from the former. If the slit be ver- 
tical, the prism, it is true, will separate the constituent colours from one another ; 


but it fails to show their relative position. If it be horizontal, the relative positions 


of the different colours can be demonstrated; and it can be proved that a hori- 
- zontal section ofa flame is in reality, as has been already remarked, a coloured ring, 
the red being the innermost colour, and the violet outside ; for if this is the order 
in which the colours occur, the red ring must necessarily have a less diameter 
than the green, and the green than the violet ; and when the prism, set in a hori- _ 
zontal position, separates those colours from each other, the sides of the resulting — 

spectrum ought not to be parallel, but inclined to one another, the breadth being 
least in the red, and increasing as we pass to the violet end.” “This being under- 
‘stood, I may illustrate the facts now to be brought forward by an example of the 
prismatic analysis of a horizontal element of the flame of a spirit-lamp, it being 
understood that the prism is at its angle of minimum deviation, and the spectrum — 


_ seén through the telescope. All the prismatic colours, in their proper order, are 


visible, the sides of the spectrum not being parallel, the inclination being quite 
rapid towards the red extremity, the rays of which come from the interior of the 
_ flame where the diameter is less. Mere inspection is sufficient to show the rapid 
- approach of the red sides to each other; and I satisfied myself that even in the — 
more refrangible regions there is the same want of parallelism, by rotating the — 
telescope on its vertical axis, so that the vertical wires in its eye-piece might coin- 


* Ibid, pp. 101-2. 
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cide with first one and then the other side of the spectrum.” ‘“ But further, the 
yellow space of such a spirit-flame spectrum is crossed by a bright fixed line— 
Sir David Brewster’s monochromatic ray. It is a beautiful example of the prin- 
ciples just pointed out in this method of horizontal analysis, being of much greater 
width than the rest of the spectrum, and recalling to the imagination the appear- 
ance éf Saturn’s ring when nearly closed, and seen through a telescope of moderate 
power. This ray, from its superior breadth, must necessarily come from that 
pale, tawny light which invests the bright part of the flame.”* On this state- 
ment I will meantime only remark, that while, according to Professor Draper, 
- the yellow space corresponding to the line D of Fraunuorer, has a much greater 
width than the rest of the spectrum, and while the inclination of the sides 
towards the red end of the gpectrum is described as being “ quite rapid,” mere 
inspection sufficing to observe it, no such marked variation in breadth was observed 
in the more refracted portions of the spectrum. Professor DRAPER says, he | 
‘ satisfied” himself that even in the more refrangible regions there is the same 
want of parallelism by rotating the telescope on its vertical axis, so that the ver- 
tical wires in its eye-piece might coincide with first one and then the other side 

of the spectrum.” From this it is obvious that the supposed want of parallelism 
in the more refracted portion. of the spectrum was so small as to be insensible to 


the unassisted eye, and required instrumental means for its detection. We are 


told that the breadth of the spectrum was ascertained by rotating the telescope on 
its vertical axis, so as to cause the wires in the eye-piece to coincide, alternately, 
with first one and then the other side of the spectrum; but we are nowhere in- ) 
formed in what manner the amount of the rotation was ascertained. Itseems, how- _ 
ever, to be highly probable, that since it took place round a vertical axis, the readings 
in the two positions of the telescope would give the difference of azimuths of the 
two sides of the spectrum. It is to be regretted that Professor Drarer has not 
described his method of observation more explicitly ; for I shal! show in the sequel 
that the validity of his results depends entirely on h whether the observations were, 
‘or were not, observations of azimuth. 

1 will now describe my own experiments. The fdas to ‘be observed was | 
placed behind a horizontal metallic slit, 0°05 inch in width, and of sufficient — 
length to allow the entire breadth of the flame to be seen. To prevent the 
disturbing effects of currents of air, the flame was surrounded by a four-sided 
sheet-iron chimney, having on the side next the slit an aperture covered by a 
piece of fine sextant glass, through which the light passed to the slit without — 
undergoing any irregular refraction capable of affecting sensibly the results. 
The prism used was kindly lent me by Professor Fores. It is a fine flint- 
glass prism, the workmanship of Secretan of Paris. The instrument employed 
for observing the spectrum was an excellent theodolite, constructed expressly for 


* Ibid., pp. 106-7. 
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observations of prismatic spectra, by the late Mr Joun Apie. The telescope 
of this instrument is attached to an arm turning on the centre of a divided circle, 
so that the axis of the telescope is always in the plane of the circle. The stand 
which carries the prism also turns, independently, on the centre of the circle; so. 
that although the telescope be moved through any angle to observe the rays re- 
fracted by the prism, the prism itself suffers no displacement. The prism-stand 
has screws by which the faces of the prism are made perpendicular to the plane 
of the circle. The circle was mounted on a temporary, but firm stand, so that its” 
plane was vertical ; and the distance of the prism from the flame was 15} feet 
nearly. During the observations, the prism suffered no displacement, except the 
very small one occasioned by turning it round its own axis, to bring it to its 
positions of minimum deviation for the different rays of the spectrum. The ro- 
tation necessary to effect this could not exceed, from the ascertained dispersive 
power of the prism, an angle of 2°; so that the length of the path of rays pro- 
ceeding from the flame through. the prism to the eye was nearly constant ; and 
hence the apparent distance of the flame, and its angular breadth, was sensibly 
the same in all positions of the telescope and prism. The telescope has a good 
object-glass of 1°6 inch aperture; and, with the eye-piece used in the observations, 
magnified twenty-one times. It is furnished with a micrometer, having § a fixed | 
wire in the centre of the field, and a moveable cross of wires. 

The observations were made by first carefully adjusting the t:lescope to feces 
and the prism to its position of minimum deviation. By means of a screw 
connected with the stand, the circle carrying the prism and telescope was 
moved round a vertical axis until the fixed micrometer wire coincided with one — 
side of the spectrum. The moveable cross was then, by means of the micrometer 
screw, made to coincide with the other side of the spectrum; and the turns and 
parts of a turn of the screw read off. From the previously ascertained deviations 
by the prism for the principal lines of Fraunnorer, and the theodolite reading 
when the slit was viewed directly, it was easy to place the telescope so as to 
observe rays of any given refrangibility. Those chiefly observed corresponded 
with the lines B, ) and G of Fraunnorer. It did not seem expedient to ob- 
serve the extreme rays of the spectrum, as the faint illumination of these rays 
rendered their observation both difficult and unsatisfactory. The flames first © 
examined were those of coal-gas, burned from a common jet with a single aper- . 
ture. The spectrum observed was that of the luminous incandescent carbon — 
conoid of the flame. The gas was supplied directly from the street pipes; but 
it was passed through one of Mriye’s regulators, in order to guard against 
the effects of varying pressure in altering the size of the flame. The flame, 
although subject to periodical fits of elongation, and slight lateral displacement, 
speedily returned to a nearly constant condition, and the observations were upon 
the whole satisfactory. They are exhibited in the following tables :— 
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OBSERVATIONS OF THE BREADTH OF THE SPECTRUM OF A COAL-GAS FLAME. 


Line of 
Pci First Set of Cbs«-rvations. | Second Set of Observations. | Third Set of Observations. 
Observed. — - 
| 

B | 157 | 126 103 

| 124 105 

153 193: 102 


The numbers in the table are, in the first set of observations, the means of 
seven micrometer readings, and in the second and third sets, he means of twenty- 
four and eight readings respectively. 

It will be seen that so far from the spectrum increasing in breadth towards its 
- most refracted-extremity, the measured breadths at the line G in the blue rays, 
are actually in eee case a than those at the line B in the red rays ” the spec- 
trum.* 

_ Having found the flame of gas, notwithstanding every precaution, to be sub- 
| ject to anomalous fluctuations, and being desirous, moreover, to repeat Professor 
Draper’s experiments as faithfully as possible, I next observed the flame of a spirit- 
lamp fed by alcohol. It will be remembered that the spectrum of the flame of 
"alcohol is that which he describes to illustrate his views. I did not anticipate, — 
_ however, that such a flame would be convenient to experiment upon, from the 
faintness of its light; and, in effect, I found it was impossible to illuminate the field, 
so as to be able to see the wires without rendering the violet end of the spectrum 
invisible. I therefore observed with faintly illuminated wires on a dark field ; 
and, instead of making contacts with the wires at-different points of the spectrum, 
~ [ varied the mede of observation, by carefully adjusting the wires to the breadth 
of the spectrum at its red end, and then “sweeping” its whole length. The 
- wires seemed to jit the eMebeane equally well at all points, so that no variation 
in breadth could be detected. : 

- In order to avoid the difficulty of observing a faint spectrum, and at the same — 
time to obtain a flame which would remain sensibly of the same size for a con- 
siderable time, I devised the following method. Volatile liquids, such as naphtha 
or turpentine, seemed preferable to the fixed oils, because, from their greater 
fluidity and freedom from viscid matter, they flow more freely through a cotton 
wick, and less rapidly impair its transmitting power; while from their volatility, 
and consequent rapid evaporation, the wick remains cool, and is scarcely at all 
burned. Both conditions are highly favourable to the maintenance of a constant 
- elt may be ashy in order to explain the different values for the same line of the spectrum 


in the different sets of observations, to remark that these \ were made on different days, and on flames _ 
of different dimensions. 
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flame. There was, however, an inconvenience to be anticipated. Most of the 
hydro-carbons which burn brightly, such as turpentine, are so rich in carbon that 
they produce a very smoky flamer; and when they are employed to give light, as in 
the common camphine and paraffine oil lamps, special arrangements are needed 
for consuming their smoke by directing a powerful current of air against the flame. 
It was not convenient to adopt any of these arrangements; and it occurred to me 
that I should obtain a smokeless, but sufficiently brilliant flame by burning a 
mixture of two liquids, the one rich, and the other poor, in carbon, such as tur- 
pentine (C,H,) and alcohol (C,H,O,). The liquids I selected were common coal 
naphtha and wood spirit; and I found that a mixture of about three volumes of 
commercial wood spirit to one volume of coal naphtha produces a flame neither 
less brilliant, nor more smoky, than that of an ordinary wax taper.* : 

I may remark, that, for the purpose I had in view, there seems no objection to 
_ the use of such a compound liquid as I have described; for I have shown else- 
where that all the hydro-carbons in burning produce similar spectra,—the only 
difference being, that the spectrum produced by the incandescent solid carbon, or 
by the envelope of the flame, is brighter in some:cases than in others. 

The following tables contain the observations made on the flame of a mixture 
of coal naphtha and wood spirit :— 


OF THE FLAME OF Coat NapuTHA AND Woop Spirit.t 


First Set of Observations. 


Line B. Line | | Line G. 
«184 136 
133 
Means 13407 | 13688 | 182-67. 


Mean observed breadth of spectrum = 134-72. 


bs This flame might be mee for household purposes, and probably also with ieee’ in experi- 
ments where an invariable source of light is wanted, The liquids, although both smell disagreeably, 
emit no perceptible odour in burning. __ 

_ t¢ Each number in this and the following table is a single micrometer sition. . 

$ The observations‘in this and the following table, on the various lines of the ‘liibens, were 
made in the order of the numbers I., II.....VI., in order to eliminate the effect of any graduai 
change in the dimensions of the flame. 
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Second Set of Observations. 

Line B Line b. Line G. 
125 127 127 
II. 126 ‘FIT, 124 
125, 128 
124 127 
VI. 130 130 / 
130 3 130 124 
Means 126°67 128-33 126-17 


In the following tables the above numbers have been corrected od subtracting 


Mean observed breadth of spectrum = 127:06. 


index error of the micrometer=6'52. 


Comparison of Observations. 


First Set of Observations. Second Set of Observations. 
Mean Breadth. 128:20 ‘Moan Breadth, 120-64 Breadth, 
Breadth at B, 128-15 — 0-05 120-15 
12615 ~2:05 119°65 — 0°89 
The Observed Dimensions of the Flames reduced to inches.* 
First Set of Observations. Second Set of Observations. 
Mean Breadth. 20498 19268 
Breadth at B, 20484 —-00009 19206 00062 
20830 +00337 19471 “4002038 
‘20167 — 00326 ‘19126 00142 


* These dimensions were pe from the numbers in the preceding tables by multiplying by 
0-0016, the value of a micrometer division in inches ; and that was ascertained by observing an 


accurate inch 3 ivory scale placed in contact with the slit ‘through which the flame was viewed. 
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These observations completely verify the results obtained with the flames of 

coal-gas and of alcohol. It will be seen that the greatest observed difference in 

breadth between the red and blue regions of the spectrum was only ‘003 inch, a 

- discrepancy fairly within the limits of errors of observation. The observations, 

therefore, lead to the conclusion, that the structure which Professor DRAPER sup- 
poses to occur in flame has really no existence. 

The question now arises, how are we to explain the inequality in breadth of 
the spectrum, as observed by him? There seems certainly considerable difficulty 
in accounting for the “ rapid inclination of the sides at the red end of the spec- 
trum,” which he describes. From the-effect of irradiation, every spectrum will 
appear slightly broader towards the middle, where the light is more brilliant, than 
towards the ends where it is comparatively feeble; a fact illustrated by my own 
observations, which exhibit a greater observed breadth at the line } of the spec- 
trum than at the lines B and G. Now, as the brightest point,—about the line 
_ D,—occurs in the spectrum of a flint-glass prism much nearer the red than the — 
violet extremity, the variation in brightness wili be much more rapid from the 
extreme visible red rays to the line D, than from the line D to the extreme violet: 
rays. Hence we may expect any apparent inequality of breadth, due to irradia- 
tion, to be most conspicuous at the red end of the spectrum, where the brizhtness 
of the light varies most rapidly. I have not, however, observed any contraction in 
_ breadth at the red end of the spectrum, which I should describe as “rapid ;” and 

any notable contraction certainly did not extend beyond the line B. | 
‘The apparent want of parallelism which Professor Draper conceives he has 
discovered by instrumental means in the more refracted portions of the spectrum 
admits however of an easy explanation, if I have rightly understood his method 
of observation. It. will be recollected that this seems, from his description, to 
have consisted in measuring the difference of azimuths of the two sides of the 


spectrum. Now, such a process could not fail to sate erroneous results ; for it 
may be easily shown, that if | 


d=the angular battocutal breadth of the spectrum at any point, 
z=the zenith distance, and 


4=the observed difference of azimuths of the sides of the spectrum, 


Sin } O=sin d cosee 25 
or if d and 6 be small, 


O=d- cosec 2. 


Now, z varies from point to point of the spectrum ; whence the dhewreed 
breadth 6 would also vary, even although the true breadth d remained constant. 

_ Moreover, the flame would probably. be placed about the same level with the 
observer’s eye, so that its zenith distance, when viewed directly, would be nearly — 


_ 90°. According, therefore, as the — was refracted daeptace or downwards, Zz 
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or 180°—z would be least, and consequently 6 would be greatest, for the most re- 
frangible rays: and the spectrum would appear wider towards the more refracted 
end. 
This may possibly explain the difference of breadth in the more refracted 
regions, as actually observed by Professor DRAPER—a difference confessedly small 

—even although irradiation, by increasing the apparent breadth of the brighter — 
and less refrangible regions of the spectrum, must have produced a — com- | 
pensating effect. 

- | must not omit referring here to one of Professor DRAPER’s observations, 
which I have completely verified, namely, the greatly superior breadth of the 
yellow line R, of FRaAuNHOFER, when observed by his method, compared with the 
rest of the spectrum. The reason he assigns for this striking phenomenon is un- 
questionably correct, namely, that the homogeneous yellow light of a flame pro- 
ceeds from its envelope. It must not be supposed, however, that this fact affords 
the slightest evidence in favour of his peculiar viev:s regarding the constitution of _ 
flame ;. for I have elsewhere shown,* that the envelope of a flame produces light 
of all degrees of refrangibility between the limits (nearly) of the lines D and G of 
FRAUNHOFER, while rays of precisely the same degrees of refrangibility are -_— 
duced by the bright interior conoid of the flame. 7 

I will now advert to an objection which I can imagine may be made to the | 
conclusion I would derive from my observations. It may be argued, that if such 
a connexion exist between the temperature of combustion, and the refrangibility 
of the resulting light, as Professor Draper assumes, and if he be correct in 
thinking that the temperature of a flame increases from the interior to the 
exterior, then there must be a series of strata of different colours, even although ob- 
servation may fail in detecting them. To this I would reply, that the instrumental 
means I have employed were certainly capable of detecting any such structure, 
provided its thickness was not much less than -005 inch ; and if we suppose it 
confined to such narrow limits, it must cease to be regarded as the general struc- 
ture of the flame, whose walls greatly exceed such a thickness. If, moreover, we _ 
adopt the notion of such an extremely thin stratum of varying colour, it will be 
difficult to imagine so great a variation of temperature from point to point of its 
very small thickness as will be necessary to produce the corresponding diversity 
of colour, which is supposed to exist. | 
Having now shown that a careful series of experiments have failed to afford 
any evidence in favour of Professor Draper’s theory of the constitution of flame, 
I will next examine the reasoning by means of which he endeavours to demon- — 
strate his views a priori. It seems to me that he makes two quite gratuitous 
assumptions. If we refer to his experiments on the “ Production of Light by 


* Edinburgh Transactions, vol, xxi., p. 71. 


| 
| 
| 
| 
| 
| 
| | 
| 
| 
| | 
| 
| 
| 
| 
| 


MR SWAN ON THE CONSTITUTION OF FLAME. 3l 


Heat,”’* we shall find that an ignited slip of platinum, at the temperature of 1210” 
Fahrenheit, produced a spectrum extending from the line B nearly to the line F of 
FRAUNHOFER. Hence the supposed innermost ring of a flame which produces light — 
of no higher refrangibility than that of the line B, ought, on Professor Draper’s 
principles, to have a considerably /ower temperature than ‘the platinum slip. 
Now, considering the well-known extremely high temperature of flame, are we 
entitled to assume that any luminous portion of it has so low a temperature as 
1210° of Fahrenheit? 
If, further, we examine the experiments which Professor Draper adduces to 
prove that increased temperature produces light of increased refrangibility, we 
shall find that these were either observations of the spectra produced by a strip 
of platinum whose temperature was varied by transmitting through it a voltaic 
current of varying power, or observations of the spectra arising from a piece of 
- ignited charcoal brought to a high temperature by means of a stream of oxygen, 
and then allowed to cool. It was found, in either case, that, as the tem erature 
Tose, rays of continually higher refrangibility were produced, which in their turn 
successively disappeared as the temperature fell. It must, however, be borne ‘in mind 
that rays of high were always accompanied by rays of low refrangibility. Thus, when 
the temperature of the platinum rose from 1210° Fahrenheit to 2130’, the spec- 
_ trum lengthened from the line F to the line H of Fraunuorer; but at boi? tem- 
_ peratures it reached to the line B in the red; and, at the higher temperature, it 
actually extended further than at the lower, towards the extreme red rays of the 
solar spectrum. It therefore follows, that the higher the temperature, not o1:!y 
_ the more refrangible, but the Jess refrangible are the rays which are produced. 
This fact, most important in its bearing on the question we are discussing, seems _ 
to have been completely overlooked by Professor Draper in his speculations on 
flame. Assuming that a point at the outer surface of a flame is of higher tempe- 
rature than one inside, he argues that the outer point will produce rays exclu- 
sively of a certain high degree of refrangibility, while the inner point will pro- 
duce less refrangible rays; while the correct deduction from his experiments 
simply is that the outer point will produce a more extended spectrum than the 
inner. The outer point might alone produce light of high refrangibility ; but both 
in common would produce light of low refrangibility. Professor Draper’s method 
of analyzing flame would therefore fail in exhibiting a spectrum with converging 
sides ; for the extreme red rays would be emitted by the outer as well as by the 
inner regions of the flame ; and, consequently, the red end of the spectrum would 
_be of the same breadth as the violet. All, therefore, which can be fairly deduced __ 


from his principles is, that the outer regions may produce a longer spectrum and 


a brighter light than the inner; but there seems great reason to doubt whether 


Philosophical xxx., p. 349. 
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the difference of temperature at different points of a flame be really so great as to 
affect the quality of the light to an appreciable extent. | 

This will appear, if we adopt a method of examining flame, much simpler than 
prismatic analysis, and, for the purpose, probably more delicate. I mean simply 
looking at the flame. If the doctrine of concentric rings of various colours were 
really true, we should perceive, on looking through the flame in a line passing near 
its centre, the resultant tint due to the combination of all the colours in nearly equal 
proportions. But if we looked through the edge of the flame, the line of vision would 
cut each successive coloured ring more and more obliquely as it passed towards 
the interior of the luminous matter. We should therefore look through a greater 
thickness of the inner rings than of the outer. The result would be to give a pre- 
ponderance to the inner tints, so that the apparent colour of the flame would vary 
from the middle towards the edges, at first slowly, then more rapidly, until at 
— length, at the edges, we should see only the colour of the very outermostring. I 
have failed to detect any such variation of colour in the flames I have examined. 
I therefore infer that each of the three conoids of a nydro-carnoa flame has sensibly 
the same tint throughout its entire thickness. 

In my paper on the spectra of the flames of the hydro-carbons, I have described 
experiments which lead to the same conclusion, but to which I can only here refer, 
without entering into details. There is, however, one experiment, which is easily 
performed, and which I have not before described. By holding a piece of plate- 
glass over the smokeless flame of a Bunsen lamp, and looking downwards through 
the glass, a tolerably good horizontal section of the flame is obtained. It is then — 
seen that both the inner blue cone and the envelope of the flame are sensibly homo- 
geneous in colour throughout their entire thickness. 

We may also verify a conclusion which I have stated in ‘the paper saat 


referred to, namely, that when common salt is placed in a flame, the envelope 


alone becomes yellow, while the inner blue cone remains unaltered in colour. 
This is strikingly apparent on looking down in the manner described, and intro- 
ducing salt into the flame. The outer mantle changes at once from purple to 
bright yellow, while the inner blue conoid remains quite unaltered in tint; and 
this is the case, whether the salt is brought into contact with the outer mantle or 
the inner conoid.. Possibly this phenomenon may be explained by supposing that 
the sodium of the salt is reduced to the metallic state by the free hydrogen of _ 
the inner conoid, and that its vapour burns exclusively in the outer mantle, pro- _ 
ducing the boned tint only in that region of the flame. | 
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III.—On the Gradual Production of Luminous Impressions on the Eye: Part I. 
being a description of an Instrument for producing isolated luminous impres- _ 
sions on the eye of extremely short duration, and for measuring their intensity. — 
By Wiiu1am Swan, F.R.S.E., Professor of Natural essciiale in the Uni- 
versity of St Andrews. 


(aad th Ape 185 


In 1849 I presented to the Royal Society of Edinburgh a paper “On the Gra- 
dual Production of Luminous Impressions on the Eye.” The object of that com- | 
munication was to investigate the laws of the production of visual impressions. 
The subject was then new; for although the fact that light requires a certain 
time to produce its full effect on the eye had been noticed at comparatively early 
periods, yet no one, so far as I am aware, had attempted to measure that time; 
and the whole subject of the production of visual impressions, regarded as a 
branch of experimental science, was quite untouched.* I have frequently wished 
to resume a subject of inquiry which seems to me to merit more attention than | 
it has hitherto received, and which I have not as yet been able to discuss so com- — 
_ pletely as I could have desired. Various portions of it demand more extended — 
experiments. Among these may be specified, the examination of isolated im-_ 


_ pressions of shorter duration than my limited instrumental means had enabled 


me to observe; a more careful determination of the time required for light to 
produce its complete effect on the eye; and a series of observations on the eyes of 
various individuals, so that any personal peculiarity of vision, which might affect 
results derived exclusively from experiments on my own eye, might be eliminated. 
These, and other subjects of inquiry, I hope sooner or later to overtake ; and, in- 
deed, [had anticipated before the end of the present session of the Society to have 
been able to obtain some experimental results. In this I have been disappointed, 
owing to the instruments required for my observations having taken a much 
longer time to make than I had expected. : 

The observations of impressions of very short duration is attended with much 
: difficulty. The method of observation which I devised in 1848 is to cause a disc, 
with a sector cut out of it, to revolve with an uniform velocity between the eye 
and a luminous object. At each revolution a flash of light is perceived as the — 
sector crosses the line of vision,—the time during which each flash acts on the 
eye depending on the angle of the sector and the velocity of rotation of the disc. | 
_ The brightness of the resulting visual impression is ascertained by photome- 


* See Moigno, “ Repertoire d’Optique,” ay ii., p. 563. 
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trical arrangements, which are fully described in my paper.* By such means I — 
succeeded in measuring the brightness of luminous impressions caused by light 
acting on the eye for short intervals of time, varying from a tenth to a Chowasadth 
of a second. 
There are obvious limits to the applicabilit y of this method of experiment- 

ing when itis attempted to examine isolated impressions of excessively short 
duration. To shorten the impression, we may either diminish the angle of the 
sector or increase the velocity of the disc, but whichever of these methods we 
adopt, we very speedily arrive at limits which either cannot be overpassed at all, 
or can only be so at the cost of great inconvenience. The velocity of the disc is 
absolutely limited. If we attempt to drive it faster than about 10 revolutions per 
second, the successive flashes become blended into a single impression, more or less 
uniform ; and as the eye no longer distinguishes them as separate, so we can no 
longer perceive, or measure, their separate intensities. Again, if we shorten the 
impressions by diminishing the angle of the sector, we quickly arrive at a practical 
limit from the smallness of the angle required, even with a disc of considerable 
diameter. This difficulty may be overcome in theory by increasing the diameter 
_ of the disc, while the sector is made of the smallest practicable angle ; but a very 

large disc would obviously be an extremely inconvenient instrument to work 
with. 

- [have from time to time thought of various mechanical expedients, more or 
less feasible, for obviating this difficulty, but I have never been sufficiently satis- 
_ fied with any of them to attempt their construction. Last autumn, however, I 

devised an arrangement so simple that I resolved to put it in practice. Suppose 

~ a disc with a sector cut in it to revolve between the eye and a light 100 times per 

second. The eye would in every second receive 100 impressions, and if the sector 
were —th of the circumference of the disc, each impression would be made in 

rovoosth of a second; but, from the high velocity of rotation, the observer would 

be couscious only of an uniform light,—the aggregate of all the nearly instantane- 
ous flashes blended into a single impression. The instrument which I have to 

describe has for its object to select a single impression out of the hundred, to con- 

vey it to the eye isolated and alone, and to measure its brightness; while the | 
remaining 99 impressions which would have interfered with its effect are inter- 

cepted, and excluded from the field of view. From the disc revolving 100 times 

in a second, the eye will then receive, once a second, a single isolated impression, 

lasting for the extremely short period of —2~ of a second. This result admits 
of being obtained by the very simplest possible means ; in fact, I have found it 

- unnecessary to employ any mechanical agent whatever, other than the train of 
wheels by which motion is communicated to the disc. | 


* Edinburgh Transactions, vol. xvi., pp. 583-587, 
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The nature of this arrangement will be understood from fig. 1, Plate L., 
in which A, B, C, a, 6, ¢, represent a train of toothed wheels and pinions 
driven by a weight suspended from a line, which is coiled round a drum on 
the axis of the wheel A, and by which motion is communicated to the disc D. 
The wheels B, C have each 120 teeth, and the pinions #, c, 12 teeth; so that if 
B revolve once in a second, C revolves 10 times, and D, 100 times in a second. 
Apertures I, K are cut in the wheels, which are otherwise solid, and the whole 
is so arranged, that the apertures I, K, the sector S, and the aperture T in a 
screen H illuminated by a light F’, are in the same straight line; so that an 
observer at E can see the illuminated aperture I through the holes in the wheels 
and the sector in the disc. Since the wheels B, C, and disc D revolve respec- 
tively once, ten times, and a hundred times in a second, if the apertures are in 
line at the commencement of any one second, they will again come into line at 
the commencement of each successive second. Suppose the wheel B to be 
- removed, the wheel C and disc D continuing to revolve. By the time the disc D 
has made a single revolution, the aperture K has moved round so far that when 
the sector S has returned to its original position, the wheel C intercepts the light ;_ 
and it is obvious that K will not return to its proper position for transmit- 
ting light to the eye until the wheel C has made a complete revolution. The 
effect of the combination of the wheel C and disc D will therefore be to trans- 
mit to the eye a single impression at every revolution of C, or at the end 
of every ;,th part of a second. Supposing, as before, that the sector D is’ 
1th of the circumference, the eye will receive only 10 impressions in a 
second, each of which has been made in ;,2,,,th part of a second. We may 
now dismiss the disc D from our consideration, and regard the wheel C as a disc 
revolving 10 times per second, and having an excessively narrow sector cut in it, 
occupying ;,,,th of its circumference. By repeating precisely the same reason- 
ing for the wheels B and C as has been employed for the wheel C and disc D, 
it will be seen that the wheel B will transmit to the eye a single impression at 
each revolution, or once a second, derived from the wheel C. The wheel B will 
therefore Arann to the eye a single impression in a second, which has acted on 
the eye for —..,,th of a second, and will thus be equivalent to a disc revolving _ 
once a second, and having a sector of only =.),.,th part of its circumference. It 
will be seen also, that as the smallest practicable angle for the sector is obviously 
the same, whatever be the size of the disc, the effect of the arrangement will be — 
to make a disc of a foot in diameter equivalent in efficiency for observing short 
impressions to one of 100 feet in diameter. 

It may, at first sight, be supposed that only a single ciated as it may 
be called, such as C or B, would be required. Such, however, is not the case. 
The wheel C alone would be insufficient ; for when the disc D was driven with 
high velocities, C would revolve so fast that its transmitted impressions would 
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become blended by their persistence on the retina. The wheel B alone would 
likewise be insufficient, for the disc D revolves so fast compared with B that 
the sector S would have returned to its position for transmitting light before the - 
hole I had time to get out of the line of vision. 
: It is obvious that the arrangement might be extended to any number of wheels, 
the only remaining practical difficulty being that of driving a train of toothed 
wheels at very high velocities. If this should render it impossible to observe im- 
pressions so short as may be desired, there are two methods which may be 
adopted. The disc itself may be driven directly by a reaction machine, or Barker's 
mill, the train of wheels then serving merely as screens and registers of the num- 
ber of revolutions made by the disc. Impressions of very short duration might 
also be obtained by substituting for the disc a small revolving mirror, like Wheat- 
stone’s. The mirror attached, with its plane parallel to the axis on which it re- 
volves, receives the light of a flame which has passed through a narrow slit 
parallel to the axis, and at a considerable distance from it. The light reflected — 
by the mirror falls upon the surface, whose brightness is to be observed, and 
illuminates each portion of it for a short interval of time, depending on the width 
of the slit and the velocity of the mirror. Impressions of extremely short duration — 
could thus be obtained, for a small mirror could be driven at a much higher - 
velocity than a disc, which, from its considerable size, experiences great resist-— 
ance from the air; and the narrow slit would become equivalent to a sector of 
corresponding width, cut in a very large disc, revolving with twice the angular 
velocity of the mirror, and having a radius equal to the distance of as slit from 
the axis of revolution. 

I have designed an instrument on the now which has" 
been constructed for me by Messrs J AMES MILNE and Son of es and which 
is represented in fig. 2. 

The instrument consists of a solid cast-iron Poe A A, carrying a train of 
wheels B, C, D, E, by which the disc F is driven. Motion is communicated to 
the wheels by a weight suspended from a cord coiled round the barrel G. Each of _ 
these wheels B, C, D, E has 120 teeth ; the pinion d has 30 teeth, and the remaining 

three pinions, of which only d and ¢ are shown in the figure, have each 12 teeth. © 
- The wheels B, C, D and the disc F are each 6 i and E is 3 inches in 
diameter. 

From the numbers of teeth in the wheels and isione, it is obvious that for each © 
revolution of the wheel D the wheel E makes 10, and the disc F 100 revolutions; 
and by means of a train of gas-meter index-wheels H K, to which motion is commu- 
nicated by the wheel I on the axis of the wheel D,—I and H having the same num- 
ber of teeth—the number of revolutions made by the disc F is readily ascertained. 
To facilitate counting the revolutions, the frame carrying the wheels H K turns 
on a pivot about half-way between H and K, and is pressed by a spring near H 
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~ against a stud in the frame A, so as to be kept in gear with the wheel Il. A 
lever L turns an eccentric in contact, near K, with the frame carrying the wheels 
H. K; and, by moving the lever a little to the right or left, the train of gas-meter 
_ wheels is instantly put in or out of connexion with the wheel I. The gas-meter 
wheels having been adjusted by the hand until their indices read zero, they are 
put in gear with I, and allowed to remain so for a minute or other definite time. 
The number of revolutions of the disc F in a second will obviously be 6000 times 
the number of revolutions of the wheel H registered by the — train ina 
minute. 

The disc F is an waists turned plate of brass 0°1 inch in thickness, strength- 
ened by a narrow flange round its circumference, rising 0:1 inch from its plane. 
An arm of brass M O turns on the axis ¢, independently of the disc. In the disc 
there is cut an aperture at h f, embracing 20° of the circumference ; but the effec- 
tive opening is formed by the knife edges f g of the moveable arm M O and 
h i of a fixed piece of brass Nh. The edge f g is carefully filed to radiate from — 
the centre of the disc, and Nh is screwed to the disc, with its edge h 7 fitting 
accurately to f g, so that when the arm M O is moved away from the piece N h, 
the opening fg forms a portion of a sector of a circle. The piece M O has 


its surface in the same plane with the edge of the flange, and accurately fits 


its inner circumference. An arc of 40° is divided on the edge of the flange, and 
the arm M O carries a vernier reading minutes. It is obvious that the angle 
of the sector f g h i can be accurately ascertained by taking the difference of 
the vernier readings when the aperture fg 4 7 is open and when it is closed. As 
the disc F revolves with very great velocity, it is essential, in order to avoid 
vibration, that it should be quite symmetrical about its axis. In order to effect 
this, a second aperture is made i in the disc, and a piece of brass is attached to it, 
the same as the aperture and piece of brass at N g, and placed, respectively, 180° _— 
apart from them, but which are not shown in the figure. No light reaches the 
eye from this second aperture; for by the time the disc has made a half-revolu- 
tion, the aperture *, which transmitted light from f 4, has moved out of the line 
of vision. The second aperture, therefore, simply renders the disc symmetrical 
without affecting the optical action of the machine. 

_ The apertures in the wheels D and E, through which the light, transmitted by 
the sector f g h i, reaches the eye, are represented at 4, m, andm. The wheel — 
E has two apertures, &, J, 180° degrees apart; and D has four apertures, 90° apart, — 
of which only two are seen in the figure. The aperture /, as in the case of the 
_ disc, is made simply for the purpose of restoring the symmetry of the wheel E, 
which would be destroyed if the aperture & alone existed; and it will be seen 
that if the apertures m, ‘4, and the sector fh, be adjusted so as to come together 
into the same straight line, and to allow light to pass through them to the eye, 
by the time the wheel E has made a half-revolution, so that the aperture / has 
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taken the place of 4, the aperture m will have moved out of the line of vision, 
and thus no light can reach the eye through /. Of the four apertures in the 
wheel D we may employ one only, or two 180° apart, or all four, as may be found 
most convenient, according to the speed with which the train is driven, the 
apertures not in use being stopped by plugs of cork. | s 

The photometrical arrangement for measuring the brightness of the luminous 
impressions transmitted by the revolving disc, and its train of wheels, may either — 
be that described in my former paper on the formation of luminous i Sarena, 
or the following arrangements may be adopted :— 

1st, Let C, D (fig. 3) represent screens having apertures covered with ground- 
glass, or glass rendered milky-white by arsenic or phosphate of lime, and A, B 
flames, by which the apertures C, D are illuminated. A piece of transparent | 
parallel glass E is placed so that an observer at F views the aperture C by trans- 
mitted, and D by reflected light in apparent contact. The light A remains fixed, 
while B is moved, until the two apertures appear equally bright. The disc G is now 
made to revolve, when the aperture C, seen during successive short intervals of 
_ time, will appear less bright than before, and the light B must be withdrawn to 
a greater distance from the screen D, until the equality of the illumination is 
restored. If the lights emitted by the flames A, B remain constant, the ratio of 
the brightness of the impression of short duration, transmitted by the revolving 
disc to that of a complete impression on the eye, will be that of the squares of | 
the distances of the light B from the screen D. 

2dly, An arrangement which, from an imperfect trial I have sade of it, pro- 
mises to succeed well for comparing the brightness of the illuminated apertures, 
may be made by cementing together two equal and similar rectangular glass 
prisms A B C, B C D, so as to form a parallelopiped, by means of a small portion 
of Canada balsam, which, when the prisms are pressed together, expands into 
a circular thin film E. The illuminated apertures C’, D’ in the screens are placed 
opposite to the faces A U, C D, and the observer looks through the face B F. 
The light transmitted through A C, and falling on B C, will be totally reflected, 
except the portion which falls on the film of Canada balsam at E, which will be 
nearly all transmitted to the eye of the observer. The light which is transmitted 
through the face C D will be totally reflected to the eye by the face B C, except 
what falls on the Canada balsam at E, which will be nearly all transmitted. The 
spot E will appear of a different brightness from the rest of the surface B C, 
except when the light totally reflected by B C is equal in intensity to the sum of 
the lights transmitted and reflected at E. The spot E will then disappear, owing 
to the whole surface of B C, including the spot, becoming uniformly bright. 
Assuming that the light partially reflected at E has a constant ratio to that 
totally reflected by the rest of the surface B C, and to that transmitted by A C, 
it is obvious that the squares of the distances of the flame from the aperture D 
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when the spot E disappears will give the ratio of the intensities of the lights 
transmitted by the aperture C, : 
3dly, Adopting the arrangement in fig 3, we may compare the iicinination 

of the screens by the following method :—Let the aperture D, whose light is re- 
flected at E, be made larger than the aperture ©, or let D be placed so that the 
distance D E F is considerably less than C E F. Then, by properly adjusting 
the position of the glass E, the aperture C will be seen projected on the reflected 
image of D. The distances of the lights A B may then be adjusted, so that the 
aperture C, seen through the reflected image of D, just disappears. The appa-— 
_ rent brightness of C will then have a certain ratio to that of D, depending on 
the power of the observer's eye to discriminate between lights of different 
intensity ; and, as before, the apparent brightnesses of © will be in the ratio of | 
_ the squares of the distances of the flame B from the screen D when C disappears. 
From former experience I have found that it requires an almost painful effort: 
of attention to compare the brightness of a surface illuminated by sudden 
flashes with that of another which is constantly illuminated. The method of 
observation now described seems to possess the great advantage of substituting 
mere watching for the disappearance of the flashes in the place of an estimation 
of equality of brightnesses. 

4thly, We may observe the brightness of impressions of short duration by means 
of a single flame in the following manner :—The disc G transmits flashes from 
the flame A to the aperture C in a screen, filled with translucent glass. The ob-— 
server at E looks at C along the edge of another similar piece of translncent glass 
-D. Since illuminated surfaces appear equally bright at all distances and at all 
inclinations of the visual ray, the ratio of the brightnesses of the aperture at C 
when the disc revolves, and when it is stationary or removed, will be that of the 
squares of the distances of the glass D from the flame A, at which the observer 
estimates C and D as equally bright. By this method of observation, the effect 
of any want of 7 in the illuminating power of the flame A will be nee 
eliminated. | 
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IV.—Notice of an unusual Fall of Rain in the Lake District, in January 1829. 
By Davy, M.D., F.R.S., London and 
| (Read 4th April 1859.) 
_ The rain experienced in January of this year has so much eunveded the aver- 
age quantity, considerable as that is in the Lake District,* that I have been led 
to consider it worthy of record, especially keeping in mind, that as regards risks 


_ from floods, it is not the ordinary, but the extraordinary that is to be guarded 


54 


against in the construction of all works with which water i is concerned as an ee- 


ment of danger. | 

_ It may not be amiss to premise, that the year preceding, as to wits was 
| chiefly remarkable for the mildness of the first quarter, for its high summer tem- 
perature, for the unusual cold experienced in November, and this succeeded by a 


_ mild December. January set in with weather of the same character, and was” 
without any marked peculiarity, excepting its mildness, till the 9th, when rain 


commenced, and; with the exception of two or three days, continued to fall more 

or less heavily till the end of the month. 

_* The maximum and minimum temperature during the neath and the an: 
ing winds, are showfi in the following table, for which I am indebted to Mr 

SAMUEL MarsHatt of Kendal. His observations made in that town are applicable, 

_ with certain allowances, to the Lake District generally. I have selected them, 
having great reliance i in his accuracy as an observer : — | 


TABLE I. 
2 45 
47 36 S.W 
5 47 40 S.W 
6 43 40 S 
45 
34 | 28 
* The rain-fall at Lesketh How, “Ambleside, in January, during the preceding six years, has 
averaged 4-22 inches. 
_ In 1853 it was 1°62 inches. In 1856 it was 6-96 inches, 
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TABLE L—continued. 


Winds 
9 
10 44 
40 43 8.W. 
S.W. 
18. S.W. 
14 40 
| 38 31 | N.E. 
18 49 | 40 
33 S.W. 
21 49 41 
22 62 
45 35. SW. 
45 _W. 
41°5 
26 
48 30 
30 47 
31 31:5 S.W. 


During the month, the mean of the barometer was 29°853; its maximum (on 
the 13th), 30°398 ; its minimum (on the 23d), 29°097 ; the mean of the dry-bulb _ 
thermometer 40°4°; of the wet-bulb 39°1°; the maximum difference of the two 4°. 
These averages I owe to the same shentver, and they are from creerveneee made 
in the same place. 

In recording the fall of rain, it appeared siete not to restrict the account 

- toone spot. Through the kindness of correspondents, I have been enabled to 
extend it to many localities, both in the district and at a distance. The registered 
results I shall give in a tabular form. The first table will show the days in which 
rain fell in the month in question, and its amount in the twenty-four hours, at 
five the remotest, Kendal and High Close, not miles. 
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II. 

3 

4 

5 

6 010 

8 

9 

| 

11 034 | 05 
12| -102 10 255 
13 O15 

14 05 018 03 
15 03 os 08 
16 250 32 353 
17| —-170 32 360 40 35 
18 | - 1-980 2°43 $65 | 216 
1:015 2-02 2°61 1°75 
22 ‘10 818 1:37 1-31. 
24; 512 12 |. 1-065 1:06 1-04 
mi. ‘568 ‘1 
27| 550 +94 47 
29| 22 ‘385 36 
30 | +505 1:075 80 17 
31| 32 205° 40° ‘14 

6-514 10:10 14-875 14-82 10-95 


| In the next table will be given, besides the quantity of rain noticed in the 
Lake District in several localities, that which has been registered in some other 
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parts of the kingdom; the latter for the sake of comparison. The nine localities 
which stand first, may be considered as belonging to the district, unless Kendal 
and Whitehaven on its borders be excepted; and all but these last are a few 
miles only apart, and, with one exception, that of High Close above Grasmere, 
vary but little in elevation above the sea-level, ranging from about 130 to two or 
three hundred feet; High Close, probably being 500 feet more.* In one column, 
the amount of rain which was measured in January, will be found; in the other, 
the amount for the year, but from some defective information less complete than — 


could be wished,— . 


Kendal, ‘ 
Tbbotsholme Troutbeck, 
The How, Troutbeck, 
Lesketh How, Ambleside. | 
Wray Castle, above Windermere, 
High Close, above Grasmere, 
Keswick, 
| Whinfell Hall, Vale of Lorton; . : 
Coniston, 
- Paterdale Hall, at the head of Ulswater, 
Whitehaven, 
Penzance, Cornwall, 
Plymouth, 
Bristol, 
Sherborne, 
Bucher, near Kington, Herefordshire, ‘ 
Cambridge, 
York, 
Mirfield, Yorkshire, about 300 feet shove 
Scarborough, 
Wakefield, 
Edinburgh, ‘ 
Hutton, eight miles west of Edinburgh, 
Observatory, Glasgow, 
Stornoway Castle, Isle of Lewis, 


For January. 
6°514 inches 


10°10 
14°875 
9692... 
10°95 
11°168 
9:042 
12°50 

14:8 

6°643 
6:48 


3-82 
1:07 


1:07 

38 
... 
5:1 
5:30 
5°43 


For the Year. 
40-226 inches. 


60:168 ... 
63:44 
54-269 


68°64 


50°27 


47-848 


57°50. 


39°84. 
22:70. 
$273... 
27-98 

13-221¢ .. 
2049. 


21°13 
16°43 


26-408... 


40-43 


. ‘hen the above was written, I have been favoured, by the direction of Lieut.-Col. James, R.E., 
with the following “ List of Ordnance Survey Altitudes, i in the nngehoarhensh of Kendal, &c.:— 


ee of Marks. 


Bolt in base of N.W. tower of St George’s church, hosmacn: 


-. Mark on S.W. angle of Grasmere church, 
Mark on Ambleside church, 
Bolt in N.E. angle of Patterdale church tower, 7 


Mark on top of east battlement of Netherfield ‘bridge o over Seathwaite Beck, 


Bolt in N. W. angle of Keswick church Tower, 


Bolt in west corner of old church, Whitehaven, wis 


Mark on N.W. corner of Wray church, 


Mark on east face of east battlement of ‘Church Bridge, Troutbeck, 
Mark on stone of door of tower entrance to Troutbeck church, 
Mark on top of rock 10 links, S.E. of Lingmoor, triangle yy 
Mark on west side of Coniston Lake, about chains of Water- 


Head Inn 


Altitudes above the Mean 
Level of the Sea, 


t The for is the total for the is considered 
near the truth; so dry a year as this has not been known, I am informed, for a long while. The 
yeerly average ‘of rain there is very low, about 17 inches. 


Feet. | 
149°02 
21919 
490°83 
399°05 
319.19 \ 
29-97 \ 
398°77 
403°13 
1409°74 
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From this table, it appears, that in the instance of the Lake District, the rain-fall 
for the month, with the exception of two spots, Wray Castle and High Close, in- 
creased with advance towards the higher central mountains, in accordance with all 
former observations, especially those of the late Mr MittEr. Ifa conjecture may be 
allowed as to the exceptional spots, I should be disposed to attribute the difference to 
the position of these places,—one, Wray Castle, standing on a low hil’ on the western 
margin of Windermere, flanked by no near mountains; the other, High Close, on an 
eminence between Langdale and Easdale ; these vales, skirted by lofty hills, by | 
their greater elevation, exercising on the atmosphere a much greater cooling effect. 
Inequalities of rain-fall throughout the kingdom have been a remarkable 
_ feature of the meteorology of last year, and of the present season ; this is strongly 
_ shown in the table. How singular, that more rain should have fallen in several 
places in the Lake District in the month than at Cambridge in the whole year! 
AS the prevailing winds during January were westerly, oceanic, and moist | 
winds, the greater fall of rain on the west coasts is perhaps no more than might 
be expected, this, according with ordinary experience; it is the remarkable 
difference of amount in the Lake District that constitutes the speciality, as it 
‘now appears, and seems deserving of attention. Probably, were rain-gauges kept 
in the western highlands of Scotland the fall of rain there amongst the moun- 
tains bordering the coast, would be found to be not less, and it may be even 
greater. The flood descending from the hills which swept away so much of the 
embankments of the Crinan Canal in Argyleshire may be mentioned in proof; it 
occurred early in February, after the heavy rains of the preceding month.* 
| _ * Since the above was written, I have been favoured by Professor ALLEN THoMsoN of Glasgow; 
with the following return, comprising nineteen years’ rain-fall at Stonefield, the residence of Corin G. 
CamPBELL, Esq., in the vicinity of the Crinan Canal, confirmatory of the remark I have made; no 


doubt, amongst the mountains there, as in the Lake District, the proportion of rain is much larger 
than at the lower levels, 


Average for each’ Month suring these Nineteen Years. — 


Yearly Average. 
1841,-. . 616 | February, 5°7 1854, . 14-4 

1846, . . July, . 
1848, 68°9 September, 4 
1850, . . 657 | November, . 
1855, 41:4 
1856, 52°4 
1857, © 50°9 
1858, 63°3 
60 
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In commencing, I have stated that the fall of rain in January was so much | 
greater than the average for the month as to seem deserving of record; this is 
strictly correct; yet inStances have occurred, since rain-gauges have been kept in 
the district, of even greater quantities having been registered for the same 
time. The following table, giving the months in which rain equal to, or exceed- 
ing 12 inches, has fallen at Ambleside and Coniston,—at the former since 1848, 
at the latter since 1837,—is illustrative of the fact; the rain-fall at Kendal and 
Wray Castle, for the same months, is added for the purpose of comparison :— 


TABLE III. 

Date. Coniston. Ambleside. Wray Castle. - Kendal. 
Inches. Inches. ; Inches. Inches. 
October . . . 1838 12:6 
September . . 1839 12:9 7437 
October . . . 1843 13-1 
November . . 1843 | 120 
December. . . 1845 13:6 9-089 
October . . . 1846 14.0. 
November . . 1847 8-002 
February . . . 1848 145 1419 10-237 
December. . . 1848 12-0 
January . . . 1849 
October . . . 1849 12-0 | 7:333 
November . . 1850 12°2 9-670 
January . . . 1851 13:3 1954 =| = :18°785 10-057 
January 1852 176 20°37 15332 | 9-886 
February . . . 1852 120 13-00 10-074 7-907 
December. 1852 19:9 24-39 18-651 12-766 
January 1853 12:0 13-25 10-867 6-696 
December . 1854 19:80 12-159 8-129 
January. 1859 12:2 “14-88 9692 | 6514 


- Such heavy falls of rain as those recorded in this table are perhaps more 
characteristic of localities exposed to the west and adjoining mountains than — 
even the great yearly averages. Taking Edinburgh as an example of a place on 
the east coast, it would appear from the register kept by the late Mr Apte and > 
his sons, from 1795 to the present time, that the greatest monthly fall there during 
the whole of that period was little more than six inches. This occurred five 
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times—once in January, once in October, and once in each of the three summer © 
months. The greatest amount of rain registered in any one year, that of 1795, 
was 36°61 inches; the average of the whole 24°55 inches. Stornoway, in the - 
Island of Lewis, affords an example of a locality well exposed to the west, fully 
open to the sea, but out of the near influence of any mountains. There showers 
are frequent, but seldom so heavy as those where that influence is exerted. In 
January, the daily fall of rain registered there was as follows :— 


Ist, 0°20 inches. ... inches, 

2d, ‘ 0-05... 19th, . 

4th, : 005... 0°47 

17th, 0-53... 5.43 inches. 


_ Exceptions there may be to the above remarks, even in localities where the 
- average rain-fall is low,—exceptions which ought to be kept in mind, for the 
_ warding off of accidents by floods, but which unfortunately are commonly too 
‘soon forgotten after the event. One of the most remarkable that I am acquainted 
with took place at Scarborough in August 1857. In that year the total fall of 
Tain registered was 29°982 inches, of which quantity 12°67 inches fell in August, 
_ and 9°50 inches during the night of the 6th and 7th of that month.* Another - 
exceptional case is a fall of rain that occurred in London and its neighbourhood, 
on the 15th March 1851, amounting in a few hours to more than an inch, in London 
to 1‘25 inch, at Lewisham to 1-725, which, for those localities, was designated by 
Mr GualsHer as “ extraordinary, ” and on that account communicated by him to 
_ the Royal Society.+ 
I have made mention of the mildness of the season since November. February, 
as to weather, was very much a repetition of January, the prevailing winds were 
_ the same, and rain was in excess ; here, at Lesketh How, 7°29 inches were registered. 
Now, in the first week of March, spring, judged of by the vegetation, is at least a 


month in advance; the gardens are gay with flowers. Thesame advance appears _ 


to be general. In a letter, with which I have been favoured by Sir James 8 MATHESON, 


* The mnie of the rain-guage was limited to 9°50 inches ; it is stated to have been overflowing, 
so the amount registered was below the truth. See “ Twenty Sixth Report of the Scarborough 
Philosophical and Archeological Society for 1857.” 3 

t Proceedings of Royal Society, vol. vi., page 39. 
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from Stornoway, of the 28th of February, are inclosed the flower of the ribes 
sanguineum, the young leaf of the sweet briar, and of the common fuschia, 
gathered in the grounds of the castle in rather an exposed situation, and it is 
stated that the Loincera tartarica, the honeysuckle, and Ayrshire rose, are in 
full leaf. The spawn of the frog I found here in the ditches as early as the 21st . 
of the same month. A writer in the Evening Mail of the 4th of March, referring — 
to the mildness of the season, says he heard a nightingale singing in the neigh- 
bourhood of Southampton on the evening of the 1st of the month, and that he 
had previously heard the same birds singing on the 13th of the preceding month 
in North Storeham Park. I shall mention another proof: in winters of ordinary 
coldness butterflies are torpid, lose very little of their weight, hardly an appre- | 
ciable quantity, and when the warm weather of spring sets in, roused into action, 
they are vigorous and take wing. One that I have had under observation since 
December, a Vanissa urtice, which then weighed 2°4 grains, has never become 
_ completely torpid; it has lost ‘54 grains of its weight, and now, though not 
torpid, is almost inanimate, just opening its wings when warmed, but incapable 
of flight. Further proof may be offered in the unusual success of the angler in 
the month of January. The number of charr taken in that month in Winder- 
mere was unprecedented ; one fisherman, trowling with the minnow, captured, it. 
is said, nineteen dozen, in good condition, equal to those taken in April and May. 
In November, an adjoining lake, Rydalmere, was frozen over, and there was 
skatingon it! Lastly, 1 may remark, that up to the present time the same in- 
equalities as those already described of excess and deficiency of rain, would 
appear, from what is stated in the papers, to continue throughout the country ; 
but the deficiency more common than the excess. Thus, whilst here we have 
had few days of sunshine, in Berkshire and the counties similarly situated drought 
has prevailed, and to so great a degree as to interfere with the operations of 
agriculture, the ground — become so parched and hard as hardly to receive _ 
the plough. 


LESkETH How, March 8, 1859. 


Postscript. 
Since the above was written, I have been favoured, through the kindness of 
my friend Dr Leircu of Derwent Bank, Keswick, with a register of the fall of — 
rain at Seathwaite, Borrowdale, from 1845 to the present time, kept by Mr Joun 
Dixon. .The results, it will be seen, are strongly confirmatory of those hitherto 
obtained, as showing the augmentation of the quantity the nearer the approach 
to the central part. of the sears where the mountains are highest and the 
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valleys deepest. I shall extract the monthly falls when amounting to or. ex- 
ceeding 12 inches, and the fall of each year. The average yearly amount of the 


fourteen recorded years is the remarkable one of 129-97 inches. 


November, . 
December, . 


XXII. PART I. 


Rain. Year. 
151°86 inches, October, 
1681... 
1852, 
1561... January, . 
February, . 
20°84 ... June, 
24°94 ote August, 
| November, . 
143°45_.... December, . 
17°85... 1853, 
20°80... January, . 
26°43... April, 
July, 
129°24 ... October, 
1854, . 
21°85... January, . 
20°54... June, 

September, 
160°55.... October, 
80°45... December, . 

Aes October, 
14:07... 
2071... 1856, . 
February, . 
June, . 
24:90... December, . 
16°64... 
1857, . 
16:97 January, 
| February, 
143:26... December, . 
| 
15°62... 1858, 
16°22 ..;. January, 
1294 September, 
22-60 | October, 
Decemvcr, 
135°85__... 
28°63... 1859, . 
January, . 
14°48... February, . 


13°16... March, 


Year. Rain. 
1845, . : ‘ 20°38 inches. | 
| January, . 
November, . 12:33... 
1846, . 32°83... 
January, . 
July,. 2312 
October, . 12°67... | 
| 19°67... 
September, . 
19°61... 
| 12°24... 
February, . 28°86... 
August, . 88°31... 
October, . 20:00... 
November, . 
December, . 
14°36... 
1849, . ; 12°66... 
January, . 17°80... 
July, . 
Noveinber, 
14°94... 7 
1850, . 20°49. 
February, . 
October, . 18°39... 
15°58... 
1851, . ‘ ‘ 
January, . > 
February, . 23°40... 
July, . 15°80... 


te 
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V.—Some on the the Blood. By Joun 
F.R.S. Lond. and Edin. 


(Read 18th April 1859.) 


In a recent work * of an elaborate kind, displaying much ability, its author, Dr 
RicHarpson, has endeavoured to prove that the cause of the coagulation of the 
blood is of a chemical nature, and referable to the escape of a volatile matter, 
and that the volatile matter is ammonia. | | 

It is not my intention at present to consider the various circumstances which 
he brings forward in favour of his conclusion. I shall restrict myself to a few 
~ observations which I have made, the results chiefly of trials instituted for the 

purpose of testing his speculations, and of a myself, if re on the > 
subject. 

If the coagulation of blood depend on ‘te escape of ammonia in any form, 
that. is, however combined, and is purely a chemical phenomenon, it follows, 
that the escape of the volatile matter being prevented, the blood should remain 
liquid. 

_ Todetermine this oi cipetiiiee does not seem to be a difficult matter, whether 
as regards the means required or the results to be obtained. The blood I have 
chosen for trial has been that of the common fowl, obtained by dividing the great 
vessels in the neck. I have selected it because the blood of birds exhibits the 
phenomenon in question in the most striking and rapid manner. I shall describe 
_a few of the experiments made. ; 
Experiment 1.—A half-ounce vial} in a few seconds was filled with blood to 
within a quarter of an inch of its neck, and was immediately closed with a glass 
stopper. In two minutes coagulation had taken place throughout; now, on with- 
_ drawing the stopper, a glass rod, dipped i. muriatic acid, was brought near, as a 
- test of ammonia; no fume, not the slightest, was perceptible. The blood, still 
warm, was next mixed with hydrate of lime; no ammoniacal odour could be 
detected. 

Experiment 2 ‘ing ounces of blood were received in a iets vessel, into which a 
two drops of aqua ammoniz had just before been poured ; as soon as caught, it 
was gently moved by inclining the vessel backwards and forwards, to favour the 
action of the volatile alkali; in less than two minutes coagulation had taken place. . 
A distinct odour of the volatile alkali was emitted, and when a plate of glass, 


+ The “ Cause of the Coagulation of the Blood,” being the Asrizr Coorzr Prize Essay for 1856, 
with Additional Observations and Experiments, &c. By B. W. Richarpson, M.D , 8vo, London, 1858. — 
+ The capacity was greater; it held 298 grains of water. 
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moistened with dilute muriatic acid, was for a short time kept over the vessel, 
crystals of muriate of ammonia formed on it, that is, after evaporation, and as 
viewed under the microscope. The clot was of about equal consistence through- 
out, and tolerably firm; cut into pieces, each piece, tested by the approach of the 
rod dipped in muriatic acid, showed, by the fumes produced, the presence of 
ammonia. The serum, which in a few hours had separated from the crassamen- 
tum, had an ammoniacal odour. 
_ Experiment 3.—To a mixture of water and aqua ammoniz, firmed of 12 
grains of the former and 1 grain of the latter, in a vial of one half-ounce capacity, 
277 grains of blood were added as it flowed from the divided vessels; the glass 
stopper was instantly introduced, and, to secure admixture, the bottle was in- 
verted two or three times. In about two minutes and a-half, coagulation had 
taken place. 

Experiment 4. —277 grains of blood from the same fowl were caught | in a 
larger and thicker bottle, exceeding that used in the preceding experiment by 856 — 
grains (more than double its weight), and exercising therefore a greater cooling 
influence. This blood coagulated in about three minutes. 

Experiment 5.—A small portion of blood from the same fowl fell on a flag- 
stone in the open air, the temperaturé’of which, ascertained by the thermometer, 
was 40°. Ten minutes after the last had coagulated, this retained its fluidity, 
and after other ten minutes, it was only feebly coagulated. 

Experiment 6.—To a mixture of 13 grains of water, and 14 grains of aqua 
ammonie of specific gravity °88, in the half-ounce vial, the blood of a fowl as it 
issued from the divided vessels was added to overflowing ; the stopper was imme- 
diately introduced. The blood which overflow ed, it is remarkable, became tena- 
cious and viscid in less than a minute, éven before another portion caught in a 
separate vessel had coagulated ; the latter undergoing the change in about two 
minutes. The stopper taken out after an hour, the contained blood was found 
coagulated ; the coagulum was soft and easily penetrated, very tenacious 
and viscid, of a dark colour, and pungently ammoniacal. In twenty-four 
hours it had become somewhat firmer, and in three days a little more so, 
showing a slight degree of contraction; but no serum had separated from the 
— clot. A minute portion of it detached, which was not easily effected, owing to the 
tenacity of the crassamentum, exhibited, under the microscope, a confused appear- 
ance; diluted with serum, and stirred, no blood corpuscles were detached, and 
using a compressor to spread out the little mass, the whole had the aspect of a fine 
granular tissue. This blood after twenty days experienced little change; and the 
remark applies equally to the two portions,—that contained in the stoppered vial, 
and that which overflowed, received into a wine glass and merely loosely covered _ 
with tin-foil ; both emitted an odour of the volatile alkali, slightly tainted as if 
from incipient putrefaction ; the colour of each had become of a rusty brownish 
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red, but with little change of consistence ; no serum had separated. After twenty- 
eight days, the blood in the vial had become darker and softer and less viscid, 
whilst that in the wine-glass retained its tenacity and consistence and colour. 

These results appear to me clearly to show,—1s¢, That there are no indications 
afforded of the escape of volatile ammonia during the coagulation of the blood of 
the fowl, or of its presence in the blood ;—2d, That the addition of ammonia in a 
notable quantity does not prevent coagulation ;—3d, That a sudden reduction of 
the temperature of the blood, even when fully exposed to the air, has a greater 
influence in retarding the coagulation han the assigned cause of its fluidity, the . 
volatile alkali, when added. 

The few trials I have made with the sesquicarbonate and neutral carbonate 
of ammonia have given results equally unfavourable, as they appear to me, to the 
hypothesis. I shall mention briefly two. | 
Experiment 7.—272 grains of blood were received into the half-ounce vial, con- 

_ taining 12 grains of water and 4 grains of the sesquicarbonate of ammonia. An 
hour and a-half after, the blood continued fluid; no separation of lymph had 
_ taken place, and no change of colour: three quarters of an hour later, it had par- 
tially coagulated ; this was in its inferior portion, the upper remaining liquid. 
The bottle was perfectly tight; no air had escaped; none had entered. On the 
day following, on withdrawing the stopper, the whole was found coagulated: the 
clot formed was soft and viscid, of a dark hue, and without any separation of 
serum. Under the microscope, the red corpuscles were distinct, some appearing 
nearly of their natural form, some elongated, but none in ee The blood had 
a strong ammoniacal odour. | 
Experiment 8.—To 20°5 grains of water, containing 2°9 grains of the ‘ited 
carbonate of ammonia, 254 grains of blood were added, in the manner described, 
‘and jn a vial of the same capacity. Partial coagulation occurred in about twelve 
minutes, and in fifteen it was complete throughout; the crassamentum was soft 
and florid. After twenty-four hours, it was a little firmer, but no serum had se- 
parated, nor had any exuded after sated hours, when it was of moderate 
firmness. | 
Thus it appears that these salts of ammonia, used i in small quantities, have the 
effect of retarding coagulation, analogous in this their influence to most of the 
salts of the alkalies; and, like them, we know that in a large proportion they pre- 
vent it, and yet that on dilution with water coagulation takes place.* | 
I shall now briefly notice some other experiments which I have made with 
the same intent as the preceding, viz.:—the testing of the hypothesis advanced, 
that the presence of ammonia in the blood is the cause of its fluidity. My respect 
for its author, and the reputation that his work has acquired, induce me to go rather 
more into details than otherwise I should have felt inclined to do. The experi- 
__ ® See my “ Researches Physiological and Anatomical,” vol. ii., p. 105, for instances. | 
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ments I have to make mention of are of two kinds: one set have for their object 

to ascertain what is the amount of loss of ammonia from evaporation or volatiliza- 
tion, supposing it to exist in the blood, and it has an opportunity to escape in the 
act of coagulation; the other set were designed to ascertain the solvent power 
of ammonia acting on coagulable lymph,—that substance, the passing of which, 
from the liquid to the solid state, gives rise to the phenomenon — considera- 
tion. 

Experiment 9.—In the same half-ounce vial as was used in the experiments 
already described,—the aperture of which was one-thirtieth of an inch in diameter, 
—13°7 grains of aqua ammoniz were introduced, carefully weighed, confined by 
a glass stopper. The stopper was withdrawn ; it was replaced after eight minutes, 
and again weighed; there was no appreciable loss; the thermometer in room 
52°. Added 13°95 grains more of the solution of ammonia; after half-an-hour 
the loss sustained was ‘05 grain. There was next added a portion of white of 
egg, equal in weight to 171:26 grains; after forty-six minutes the loss was ‘03 
grain. The same immersed in water of 98° for five minutes suffered a loss of 
‘01 grain.* 

In these scaitiaial the specific gravity of the aqua ammoniz had not been 
ascertained ; it was certainly higher than ‘88, having been kept some months, and 
the bottle holding it repeatedly opened. In the following trials, aqua ammonize 
of the specific gravity named was used. 

_ Eaperiment 10.—The same vial containing the blood wontoaak in experiment . 
number 6, holding 14 grains of aqua ammoniz, was carefully weighed ; the stopper 
was withdrawn, replaced after ten minutes, and again weighed, the loss experienced 
_ was ‘01 grain. The case of the balance, in which the vial was left open during — 
the ten minutes, had a strong smell of ammonia. | 

Experiment 11.—To 214-7 grains of water in the same vial, 16-9 grains of. 

aqua ammoniw,were added ; in eight minutes after withdrawing the stopper, the 
loss sustained was ‘01 grain. The body of the vial was now immersed in 
water at 95°, and kept ware for ten minutes; the loss suffered was equal to :04 
grain. 

Do not the results of these experiments go far to prove that, even on the sup- 
position of ammonia existing in the blood in a volatile form, no appreciable quan- 


* Plunged into water of 210°, the white of egg coagulated, though a large proportion of the 
~ ammonia still remained in the solution. A mixture of white of egg and bicarbonate of potash simi- 
_ larly treated, an effervescence occurred, and a coagulation formed. This I notice to show that the 

presence of an alkali does not prevent the coagulation of albumen by heat, leading to the inference 
that its liquid state is not owing to the little alkali which it contains, I may mention another fact 
having the same bearing. A portion of milk, to which a little ammonia had been added, was put by 
to see how long it would keep sweet, air being excluded, the bottle being filled and well secured with 
a glass stopper. It was long forgotten; after two or three years it attracted attention. Now, it was 
found that a film of black matter, which proved to be sulphuret of iron, was formed, covering the 
whole of the inside of the vial ; that the milk had acquired a brown hue, the cream on its surface ~ 
remaining almost colourless, and that though it was alkaline, yet a small portion of cur¢ i:: 1 formed 
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tity can escape in the short period of two or three minutes, which is about the 
time required for the coagulation of the blood of the fowl? 

For trial of the solvent power of the volatile alkali, fibrin was obtained from 
the blood of the fowl in the ordinary way by washing, but not carried so far as 
to remove the whole of the colouring matter; an. effect in the instance of this 
blood not easily accomplished. By thorough drying, this lymph or fibrin” was 
found to lose 85 per cent. of water. 

_ Experiment 12.—To a mixture of 134°4 grains of water, ania of 44°5 grains of 
aqua ammoniz, of specific gravity 88, 1-2 grain of moist fibrin was added. In 
twelve days, at a temperature ranging from 50° to 60°, the greater part of it was 

_ dissolved. When shaken it became slightly turbid: it had no colour, as if the 

- ammonia had destroyed the very little colouring matter adhering. 

| Experiment 13.—To a mixture of 127°6 grains of water, and of 5:2 grains of 
sesquicarbonate of ammonia, 11 grain of the moist fibrin was added. In the 
same time it was only partially dissolved ; the undissolved portion was not in- 
considerable; it was colourless: the solution was slightly coloured red. ff 

Experiment 14.—To a mixture of 146-2 grains of water, and of 3-1 grains of. 
neutral carbonate of ammonia, 2°8 grains of the moist fibrin were added. The 
result, in the same time, differed but little from the last, both as regards colour 
and proportional residue. Moreover, it may be mentioned, that after a month no 
further alteration in either of the three was appreciable. 

Experiment 15.—To a mixture of 1400 grains of water, and of 19 grains of | 

- aqua ammoniz, of specific gravity ‘88, 18 grains of moist fibrin were added. The 
_ mixture filled the bottle, which was closed with a glass stopper. It was kept at 
the same temperature as the preceding, and was occasionally shaken. After 
fourteen days, the fibrin seemed little diminished in bulk; it had become viscid 
as well as transparent. The former quality was evident from the manner in 
which it was drawn out when inverted. As the fluid part, it was found, could — 
not be separated by filtration, it not passing through the filtering paper, to 
ascertain the proportion dissolved decantation was employed. About a half 
of it was poured off; but even this was not quite free from viscid lymph. Eva- 
porated to dryness, it yielded ‘7 grain; the other moiety evaporated yielded 2'8 
grains. | 
Experiment 16.—To a mixture of 1400 grains of water, and of 26 grains of 
aqua ammonie, 19 grains of moist lymph were added, put into a bottle of larger 
capacity, so as to half fill it only. The object was to see if any marked difference 
ot effect would be produced by the presence of atmospheric air. The result in — 
this respect was negative ; as in the former instance, the fibrin was rendered trans- 
_parent and viscid, and the decanted portion, on oraperation, yielded about the 
same proportional residue—viz., ‘8 grain. 
I have made other trials on the solvent power exercised by ammonia on 
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moist fibrin, and both for a longer time and with more ammonia, but with re- 
sults so much alike, that I do not consider it necessary to detail them. They 
have all led me to the conclusion, that the volatile alkali, in its action on fibrin, 
is chiefly remarkable for rendering it viscid, and that its solvent power is 
‘inconsiderable.* My results do not perfectly accord with those obtained by Dr 
Ricuarpson. In all the experiments he describes, quantities of lymph (10 grains) 
were dissolved, he states, completely in from fifteen to twenty-one days in mix- 
tures of water and ammonia, composed of 1000 grains of the former, and from 
5 to 2 grains of the latter, designated by “ N H, O,” a proportion this, even the 
largest, less than that I used. The difference I cannot account for. I thought 
it possible, that as fibrin freshly separated from the blood, and in its moist 
state, has a powerful attraction for oxygen, and in part liquifies with evolution 
of heat when exposed to its action,} that his experiments having been made, 
as I presume they were, without the exclusion of atmospheric air, the want 
of concord might thus be explained, but the last trial I have noticed does | 
not support the conjecture. It is possible that the fibrin of birds may be less 
soluble than that of the mammalia, which he employed. But should it be so, 
the difference as to degree should not affect the argument. Even Dr Ricuarp-| 
son’s own results, considering the proportions used of fibrin and ammonia, and 
the length of time required for the solution, seem to me in no wise to bear out 
the idea that the volatile alkali can be the solvent of fibrin in the blood in its 
healthy state. 

Dr RicHARDSON, in support of his views, refers to some shasaiies of the late 
_’ Dr Buarr in proof of the existence of ammonia in the blood in disease. On con- 
sulting his writings, I find one instance recorded in which this alkali was detected 
in the blood of a person who had died of yellow fever, but in so small a propor- 
tion that none was “ yielded by heat alone, and not much on the addition of 
liquor potassze.”{ In the majority of instances that he examined the blood from 
patients Siiceeartith under this disease, he found it, contrary to his expectations, 
~ normal, its corpuscles unaltered in form, and collected in rouleaux,—a circum- 
- stance this, I cannot but think, incompatible with the presence of ammonia,—if 
its tendency is, as I have found, to render the blood viscid. My own experience, 
I may mention, as regards the state of the blood in yellow fever, accords with 
the ampler one of my valued friend. During life, I never found it otherwise than 
normal ; after death, in some cases, I found that “ it gave off an ammoniacal 
odour when ‘mixed with quicklime; whilst in others this odour was not per- 


* The fibrin, after solution, appears to be altered in its properties : obtained by evaporation (as 
the ammonia is expelled it forms as a pellicle) though still scluble in a slight degree in the volatile 
alkali, it is not rendered viscid, and, in consequence, there is no obstacle in the way of its filtration. 

t See “ Researches Anatomical and Physiological,” vol. ii., p. 343. 


“ Report on the First Eighteen Months of me Fourth Yellow Fever Epidemic of British 
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ceived. ” This I have stated in a note to Dr Brarr's “ Treatise on Yellow 
Fever” (the epidemic which preceded the one last mentioned), of which I was the 
editor. 

I shall now conclude, briefly remarking, that as the results I have described 
are opposed to the inference of the coagulation of the blood being owing to the 
escape of any volatile matter, and, @ fortiori, of the volatile alkali, the existence 
of which in the blood even remains to be proved, they leave the phenomenon, as 
hitherto, a problem for solution, and open to question whether it be the result 
of loss of vitality, or a chemical result, depending on a new arrangement of ele- 
_ ments of the coagulating part, the fibrin, — as regards their — any — 

change of their sum. | | | 
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V1.— Researches on Radiant Heat. Second Series. By BALFOUR Srewart, M.A. 
Communicated by Professor Forbes. 


(Read 18th April 1859.) 


Division of Subject. 
1. The first part of this paper describes the following groups of experi- 
ments 
Group I. On the effect which roughening the surface of a body produces upon 
its radiation. | 
II. On the nature of that heat which is radiated by rock-salt, at 212° F.. 
Ill. On the radiation of glass and mica, at high temperatures. | 
The second, or theoretical portion, of the paper, has reference to the law which 
connects the radiation of a particle with its to 
Petit’s experiments on this subject. 
There is also an addition of a later date than the rest of the paper on General 
Diathermancy. 


Instruments used, and Method of Investigation. 

2. The instruments used, and the method of using them, were much the 
same as described in the first series of these researches, Art. 3. Should any 
| difference occur in the method of conducting a particular experiment, it will be 
mentioned when the SO comes to be described. 


_ First Group of Experiments described. 


3. This group of experiments has reference to the effect of tongheniing the 
surface of a body upon its radiation. This was suggested to the writer by Pro- 
fessor Forses. The first substance tried was rock-salt. | 

A. Rock-Salt.—It was found that roughening the surface by means of emery- 
paper, until it became quite dim, had little or no effect in increasing the radiation, 
as will be seen from the SsBowing statement, embodying the mean result of three 
sets of experiments.* 

The pieces used were the iniddle piece (thickness =- 36 inch) and thickest piece 
(thickness=-77 inch), described in First Series, Art. 6. These pieces were placed at 
a distance of about 4 inches from the mouth of the polished brass cone, and, in 


| ° In the experiments with roughened surfaces, only one of the surfaces of the substance was 
roughened, the other being left polished. In radiation experiments, therefore, the roughened sur- — 
face was placed next the pile; while in transmission expetinetite, it was placed furthest from the 


pile. 
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order to increase the effect, no diaphragm was used. They were heated in the 
boiling-water apparatus already described. With this arrangement 


The thick piece gave, when polished, a deviation of, ; ‘ ; 21-1 
when roughened, . 21°8 
The middle piece gave, when polished, a deviation of. : :, ae 
when roughened, ‘ 13°5 


. The next point was to ascertain if roughening rocke-talt had any effect upon — 
the quality of the heat radiated. | 
The following table will show that it does not alter the quality of the heat 
sensibly ; its quality being — by its capacity of penetrating a screen of rock- 
salt:— 
| | TABLE I. 


ae Per-centage of whole Heat which 
Source of Heat. _ penetrates a Kock-salt Screen 
thickness ‘29 inch. 


Rock-salt, ‘77 inch thick, polished, . . 
roughened, . . . 51 
Rock-salt, -36 inch thick, polished,. . . . 42 


roughened, . . . 43 


The trifling difference between polished and roughened salt in this table may 
fairly be attributed to error of experiment. We may therefore conclude, that 
roughening by emery-paper neither alters the quay nor the quality of the heat 
radiated by rock-salt. . 
- §. Again, the transmissive power of rock-salt for inna heat of the tem- 


perature 212’, is not sensibly altered by the surface. This will beseen 
from the statement :— 
The per-centage of Lamp-black 


. heat transmitted was 
With Screen of Rock-salt, thickness ‘36 inch, polished, 


‘roughened, 77 

This result sii follows from the previous one, for it has is shown 
(First Series, Art. 19) that the absorption of a plate equals its radiation; and since 
_ roughening the surface does not influence the radiation, it ought not to influence 
the absorption. 
| 6. B. Glass.—It is denies known that roughening the surface of a plate of 
- glass does not sensibly increase its radiation. It was only necessary, therefore, 
to ascertain whether roughening the surface of a radiating plate of glass alters the 

capacity of its heat for penetrating a screen of glass. 

. Accordingly, a plate of crown-glass, ‘05 inch thick, 3°75 inches square, being 
_ placed before the cone as a screen, and a similar plate roughened, heated in the — 
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boiling-water — being used as the source of heat, and no © diaphragm | 
used,— 

The deviation was, . 

When the source of heat was a és calles plate, 10 inch thick, the deviation became, 1°5 

And, lastly, when the source of heat was a x covered with — the 

deviation was, 19 

With the same sources of heat, the solished instead of | 
these numbers were 0°95, 1°45, 1°95. From the correspondence between these 
two sets of results, we may infer that the quality of the heat radiated by glass 
(at least in so far as transmission through a plate of glass can test it) 1 is not altered 
by roughening the surface of the glass. 

7. And from all these experiments, we may infer (what has indeed hai 
already remarked by Professor Forses), that although roughening its surface with 
sand or emery-paper renders a body dim for light, yet it still remains specular for 
heat rays, which, possessing a greater wave-length than those of light, are less 
liable than the latter to be influenced by scratches or furrows. 


Second Group of Experiments described. 


 8.. The second group of experiments has reference to the nature of the heat 
which is radiated by rock-salt at 212°. Its quality being tested by transmission 


a. A screen of mica, 
8. One of mica split by heat. | 

ry. One of glass, 

9. a. Mica Screen.—By the mean of three sets of experiments, a mica screen 
(thickness =*003 inch nearly) passed about 31 per cent. of ordinary lamp-black 
heat, while it only passed 18 per cent. of rock-salt heat. Or if we call the propor- 
tion of black heat passed by the mica 100, that of rock-salt heat passed will be 58. 
10. B. Split Mica Screen.—Two sets of experiments agreed in giving 20 per 

cent. as the proportion of lamp-black heat of 212°, transmitted through a screen 

of mica split by heat, while the proportion of rock-salt heat transmitted by the 
_ same screen was only 15} percent. These numbers are to one another as 100 to 76. 

Il. y. Glass Screen.—In order to avoid secondary radiation from the screen, 
which, in this case, absorbs nearly all the heat, two screens of microscopic glass 
were used, the one behind the other, with an interval between. 

Moreover, as in this case, the proportion of heat transmitted is exceedingly — 
small, the following arrangement was adopted to make it measurable. — | 

The experiment consisted of four parts — 

1st, The effect of the rock-salt heat upon the pile without a screen was ab. 
served by the ordinary galvanometer. 

2d, The effect of nnip-Vack heat, also without a screen, was observed by the 

same galvanometer. 


through 
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_ 8d, The wires of the pile were then transferred to a more sensitive galvano- 
meter, and the effect of lamp-black heat observed, the glass screen being inter-— 
posed. 

4th, The sensitive galvanometer and glass screen being retained, the effect of 
_ rock-salt heat was lastly observed. 

By this method of experimenting, it was merely the relation het ween the 
diathermancy of the screen for lamp-black heat and for rock-salt heat that was 
measured ; its absolute diathermancy for either of these heats not being deter- 
mined. Two sets of ee conducted i in this manner, gave the following 
result :— 

By the first set, calling the proportion of the whole lamp-black heat which | 
_ passed the screen 100, that of the rock-salt heat which passed the same screen 
was 54. And by the second set, these numbers were 100 and 60. 

12. As in these experiments with a glass screen the proportion of heat passed _ 
is very small, great numerical accuracy cannot be looked for, and the results 
obtained are valuable, rather as determining the direction and character of a fact, 
than as measuring the extent to which it holds. 

13. It is already well known, that rays of great refrangibility or small wave- — 
~ length pass through glass and mica more readily than those of an opposite character. 
The difficulty with which rock-salt heat penetrates these substances, as compared 
with ordinary heat, might therefore lead us to infer that the wavo-scngts of this 
heat is greater than that of ordinary lamp-black heat. 

14. If, therefore, the heat radiated by rock-salt is of great wave-length, since 
(First Series, Art. 19) the quality of the heat radiated is the same as that of the 
heat absorbed, it follows that the heat most absorbed by rock-salt must be heat — 
‘of great wave-length ; and this derives confirmation from a fact noticed by Pro- 
fessor Fornes, viz., that rock-salt passes a somewhat greater proportion of heat of 
high temperature than of that of low ; heat of high teen peranne possessing a less 
average wave-length. 

15. If we look now to the relative transmission of the two descriptions of 
heat through mica split by heat, we see that the facility of transmission is yet in 
favour of ordinary heat, but not so strikingly as with a screen of common mica. 
This will be seen from the table :— 


TABLE II. 
Transmission of Transmission 
Nature of Screen. Ordinary Heat, of Rock-salt Heat, 
at 212° F. at 212° F. 
Mica split by heat, ; 100 76 
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Compare this with the following table, deduced from the results given by Pro- 
fessor Forse, in the Fourth Series of his Researches, Art. 9. 


TABLE III. 
Transmission of Heat Transmission of 
Nature of Screen. from Blackened Brass, Black Heat, 
at 700° F. at 212° F. 
Mica ‘015 inch thick, 100 62 
Mica split by heat, 100 — 64 


From a comparison of these two tables, it will be seen that, as tested by the » 

two substances, mica and mica split by heat, rock-salt heat at 212° F. bears to 
ordinary heat of that temperature a relation similar to that which ordinary heat 
at 212° F. bears to heat at 700° F.; that is to say, that just as heat of 212° F. 
has a greater wave-length than heat of 700° F., so rock-salt heat at 212° F. has 
a greater wave-length than ordinary heat at that temperature. And the surface 
stoppage produced by splitting the mica, telling most powerfully upon heat of 
high temperature, or small wave-length, while the stoppage by substance is in the - 
opposite direction, we see how the one effect tends, to a certain extent, to neutra- 
lize the other, rendering the proportions of different kinds of heat passed by ny 
-Inica more nearly alike than those passed by ordinary mica. 
16. All these experiments concur in showing, that heat from rock-salt pos- 
sesses very great wave-length, and probably heat from a thin plate of this sub- 
stance, at a low temperature, may be found to possess a greater average wave- 
length than any other description of heat which can be exhibited. 


‘Third Group of described. 


17. I now proceed to describe the third group of experiments, or those on the 
radiation of glass and mica at high temperatures. 

_A. Glass.—For the experiments on glass, the following apparatus was used :— 

_ The pile was placed within a box, and surrounded with cotton wadding. The 
orifice through which radiant heat was admitted cine 
into the box consisted of a brass tube A B, blackened = | 
inthe inside. The diameter of this tube was } inch, | 
its length 3 inches, and during the greater part of 58 Us 
its length it passed through water, contained in the 
chamber CEFD. The side of the box (C A D) next the pile was lined with tin- 
foil. Owing to the small divergence of the rays of heat which had to pass through | 
the narrow tube, the cone might be placed several inches to the left of A without 
sensibly weakening the effect, and, on the other hand, the source of heat might be 
placed some distance to the — of B withows ceasing to fill up the field of view. 
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By this means, the distance between the pile and the source of heat being consider- 
able, no currents of heated air from the latter would be able to reach the former ; 
and as the tube A B was blackened in the inside, and passed through water, re- 
flection and secondary radiation would both be avoided. By means of a lid fitting 
on the tube at A, the aperture might be diminished at pleasure. The pile was con- 
nected with a very sensitive galvanometer. © 

When glass at a high temperature was the source of heat, a very small aper- 
_ ture was sufficient, and thus the advantage was gained of liaving the whole field 
covered with glass, all at a high temperature, which could not have been the case 
had the aperture been large. 

Slips of glass about 3 inch broad were used, and were set vanetie just touching © 
a gas flame from a Bunsen’s burner.. When two slips—one behind the other— 
were used, the one just touched that portion of the flame next the pile, and the other 
_ that portion furthest from it. A cross section of the arrangement is shown above. 

A single slip of glass about ‘1 inch thick thus heated gave a deviation of 16°°5, 
while two slips, the one behind the other, gave 18°5. When the slips were ‘05 
inch thick these numbers were 29°1 and 36°3. | 

18. From these experiments we may conclude, that at a high temperature, 
700° or 800° F., the radiation from two plates of glass, one behind the other, 
is sensibly greater than that from one—a result which does not hold for glass at 
212°. Or the fact may be stated thus :— 

The radiation of a single plate of glass bears a emailer etseitiin to the total 
radiation at 700° than at 212°. 

19. It was next tried whether the capacity of a glass screen for passing heat 
from blackened copper at 700° was altered by its being heated. 

In order to ascertain this, blackened copper at 700° F. was ‘teal behind a 
slip of glass, and the amount of heat from the ee which wen the _ was 
observed 

Firstly, When the was cold. 

_ Secondly, When it was heated to between 700° and 800° F. | 

20. As in these experiments the considerably fluctuating temperature of the 
‘source of heat causes a somewhat large difference between successive observations, 
and renders necessary a great number in order to.arrive at a correct result, it was 
thought desirable, instead of using momentary deviations, to employ permanent 
ones. This was done with complete success ; the application of the heated copper, 
or its removal, causing an unmistakeable alteration of the position of the needle. — 

“a. The experiment was then varied in the following manner :—The needle 
was kept permanently deviated by the heated glass, and the momentary swing 
- due to the application or withdrawal of the heated copper was noticed, and was 


compared with that. occasioned by the hot orem when the ses was cold and > 
the needle at zero. : 


a 
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22. These experiments, which are not, perhaps, individually susceptible of very 

great exactness, agreed, however, in rendering it probable that glass, owing to its 

being heated up to about 700° F., does not change its diathermancy for heat of 
700° F. 

23. B. Mica.—The experiments on mica were made with the ordinary galvano- 
meter. A piece of mica, thickness about -008 inch, being used as a screen, and 
a diaphragm, ‘65 inch square, at the distance of 3 inches from the mouth of the 
pile, being employed, the mean of two sets of experiments made the proportion of 
black heat of 200° F. passed by the mica to be 13 per cent. Placing an additional 
diaphragm of same size 3} inches beyond the first, and using as a source the tem- 
perature of 400° F., the mean of two sets of experiments made the proportion of 
heat passed by tke mica screen to be 21 per cent... 

In order to test whether the apparently greater teen of the screen for — 
~ heat of 400° F. was owing to the difference in the nature of the heat, or to the 
heat at 400° F. striking the screen more nearly at a perpendicular incidence, 
and thus experiencing less reflection as well as passing through a smaller thick- 
ness of mica, an experiment was made on heat at 200° F., with the arrange- 


- ment and distance used for heat of 400° F., which seemed to show that this 


difference of distance does not affect sensibly the proportion transmitted. We 
may therefore conclude that the difference in the proportions transmitted is owing 
to a difference of quality in the two descriptions of heat. __ 

24. A cast-iron box was next constructed, having this same plate of mica 
inserted as a window, so that, while one side of the box consisted merely of a 
moderately thin plate of cast-iron, the other, except round the edges, was com- 


posed of mica. The cast-iron side was then blackened, and the box filled with mer- 


cury. A thermometer inserted in the box measured the temperature. At 200°F., 
with the usual diaphragm 3 inches from the mouth of the pile, the ‘proportion 
between the radiation of the blackened side and the mica window was, by the 
mean of 3 sets of experiments, as 100 to 87°8, while at 400° F., with the usual — 
arrangement of 2 diaphragms, the same proportion was 100: 84:1. 7 | 

25. Let us endeavour to discuss these results. The radiation from the mica 
window consists of three portions :— _ 

a, The proper radiation of the mica plate. 

8. That portion of the radiation of the mercury which has been able to > peme- 

trate the mica plate. | 

y.That portion of the radiation of the mica which, striking upon the mer- 

_ cury, is reflected back by it and has penetrated the mica plate. 

Now, supposing there was no mercury behind the mica, and that mica be- 
tween 200° and 400° does not alter its diathermancy as a screen in any respect, 
let us inquire what ought to have been the result obtained. Then, since the radi- 
ation of a thin plate equals its absorption (First Series, Art 19), and since the 


i 
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absorption of this mica plate was 8 per cent. less at 400° than at 200° (Art. 23), 
its proportional radiation ought to be 8 per cent. less at 400° than at 200°. 

26. But the effect of the mercury behind the mica manifestly tends to 
diminish this difference. For we know that the mica (Art. 23) passes 8 per cent. 
more of lamp-black heat at 400° than at 200°; it will therefore no doubt pass a 
greater proportion of the heat from the mercury behind at 400° than at 200°. But — 
we have reason to think that the radiation of mercury is nearly } of that of lamp- 
black* ; consequently we may suppose that owing to this action of the mer- 
cury, the proportional radiation of the mica window at 400°is increased ‘about 
+ of 8, that is, 2 per cent. This therefore reduces the difference from 8 to 6 
per cent. 

27. But the mercury acts in another manner also in. the same direction. 
Had mercury been a perfect reflector, its presence behind the mica would have been 
equivalent to doubling the thickness of the plate; for it would have sent the whole 
radiation of the mica that fell upon it back through the mica. But the difference | 
between the proportional radiation at 200° and at 400° is less for a thick plate of 
mica than for a thin one (indeed, when the plate is indefinitely thick, this differ- _ 
ence vanishes, and the proportional radiation is the same at all temperatures) ; 
this action of the mercury, therefore, would tend still further to diminish the already 
diminished difference of 6 per cent. The amount of this action cannot be far from 
_2 per cent.,} in which case the 6 per cent. would be reduced to 4 per cent. ; now 
3-7, or, in round numbers, 4 per cent. is the observed difference between the pro- 

portional radiation of the mica window at the temperatures 200° and 400°. 
28. We see thus that the behaviour of the mica as a screen, compared with 
its behaviour as a radiator, agrees very well with the supposition which we made 
in Art. 25, viz., that mica between the temperatures of 200° and 400° does not alter 
its diathermancy in any respect; a result similar to that which we have already 
deduced for glass (Art. 22) between somewhat wider limits. 

29. Experiments with the same object in view, but of a more direct descrip- 
tion, were made upon mica, similar to those already | described as having been made 
upon glass, that is, it was endeavoured to ascertain whether hot mica passed as 
much heat from hot copper as cold mica; but in these experiments the fluctua- 
tion was very considerable, probably owing to the small body of the mica. Never- 


* PRovosTAYE and Desains estimated the proportion of heat reflected by mercury to be 77 per 
cent. The radiation, being complementary to this, may be reckoned to be 23 per cent. nearly. 

+ It would have been better to have tested, by means of a direct experiment, to what extent the 
difference between the proportional absorption or radiation of mica at 200° F. and at 400° F., would 
have been diminished by doubling the thickness of the plate ; but unfortunately the plate of mica 
was so much cut up by being used as a window, as to be unfit for being formed into a double screen. | 

We see, however, from Art. 37, that while the difference between the proportional radiation of a 


plate of glass (thickness asst | at 100 C. and 390 C. is 9 per cent., the same difference for a plate 
of double the thickness is only 7 per cent., or 2 per cent. less. We may, therefore, without much 
risk of error, adopt this difference of 2 per cent. for the mica under experiment. 
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theless, they confirmed the results above obtained, viz., that mica does not change 
its diathermancy in any respect owing to its being heated. | 

30. We may therefore conclude that this property (at least within moderate 
limits) is common both to glass and mica, and indeed, a priori, there appears no 
good reason why the mere heating of a substance should change its diathermancy. 
It is the theoretical importance of this property that has induced me to take 
pains to verify it experimentally, and its importance will be seen from some of 
the consequences which follow its — which I shall now proceed to 

discuss. 


On the Law which connects the Radiation ofa Body with its Temperature. 


31. The experiments of Dutone and Petit upon the cooling of two thermo- 
meters, one naked, and the other covered with silver, seemed to show that the pro- 
portion between the radiations of these two substances was the same at the 
different temperatures of experiment. | 

Now, I have endeavoured to prove in these researches— Ist, That the radiation 
of a thin plate at any temperature equals its absorption of black heat of that tem- 
perature. 2d, That the diathermancy of glass and mica (and probably of other 
_ substances) is not altered by heating the substances. Again, it is well known 

that substances are generally more diathermanous for heat of high, than for heat 

_of low temperature ; it follows that the radiation of a thin plate of a substance 
at a high temperature should bear a less proportion to the total radiation of that 
temperature than at a low temperature. 

32. While, therefore, it is likely that the radiation of a silvered thermometer 
(silver-leaf being quite opaque for all heat) will bear a constant relation to that of 
a blackened thermometer at all temperatures; we should expect that for a naked 
- thermometer, just as-for the mica window, the radiation should bear a somewhat 
less proportion to the total radiation at a high temperature than atalow. We 
should therefore expect the radiation of the naked thermometer to increase some- 
what less rapidly with the temperature than that of the silvered thermometer. — 
-Dvutone and Petit, nevertheless, found the rate of increase to be the same for 
33. Now, in the first place, since glass is exceedingly opaque for heat even of 
300° C. (the highest temperature experimented on), the difference we are in search — 
of (analogous to the difference of 4 per cent. in the mica window) would be exceed- 
ingly small. But, inthe second place, DuLonG and Petit had two thermometers, 
one of which, containing about 3 lbs. of mercury, was used for high, and the other 
and smaller one for low temperatures. This latter circumstance will complicate or 
even vitiate their experiments so far as regards this peculiar difference we are 
treating of. | | 
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_ 34. Although, for these reasons, attaching little importance to DuLone and 
Petit’s observations, so far as varying diathermancy is concerned, yet it may be 
well to state that they show, on the whole, a very small difference in the direc- 
tion which would indicate a superior diathermancy of the glass at a high tem- 
perature. 

35. Assuming it proved that the proportional radiation of a thin plate is less 
at a high than at a low temperature, I shall now endeavour to show that this 
difference increases as we diminish the thickness of the plate. To prove this, it 
is only necessary to exhibit the following table, given by MELLONI :— 


TABLE IV. 
Number of Rays out of 100 passed, | 
Thick f Gl Incandescent Black Co , at | Blackened C | 
Seren, Uoeetelli lamp. | g90%. at 
mm | 
‘1:0 — 31 . 0 
2 25 7 0 
0 


36. We have iieade seen that glass does not change its properties with © 
regard to heat, by being raised to the temperature of 390° C. ; it is perhaps, how- 
ever, too much to conclude, that when heated to the temperature of a Locatelli 
lamp, its properties would remain unchanged. At all events, in order to make 
use of the whole of the above table, we may suppose the properties of the glass 
to remain the same throughout, especially as the results we shall deduce from — 
the supposition will be of the same nature as if we had sad extended it to glass 
at 390° C. 

37. Presuming, sharetbi that the dethermseny of glass does not alter 
through its being heated, and allowing 4 per cent. as the proportion of the heat 
striking it reflected from the first surface of a glass screen, and supposing also the 

same proportion of the heat which is able to reach the second surface to be re-. 
flected from it, we may, on the principle that the proportional radiation of a plate 
equals its proportional absorption, construct the following table :— 
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TABLE V. | 


Proportional Radiation of Glass Plates at different Temperatures (Radiation of Lamp-black= 109), 


007 ee 37 61 84 
5 40 ae | 84 95 
4 58 ae 91 96 
6 60 92 96 
ae 615 96 


38. Let us call the peogurttuenl radiation of a glass plate at 100° C. ‘unity, 
and we derive the following table. ‘ 


TABLE VI. 


) ‘prepioniedd Radiation of Glass Plates at different Temperatures, their respective Proportional 
Radiations at 100° C. being reckoned Unity. 


Thickness of Plate.|, 100°C. | 390°C. 

mm 

88 61 42 

1:0 1 ‘66 ‘50 

1 93 55 

4 1 95 78 60 

6 96 


39. We see thus that the radiation of thick plates of glass increases most 
rapidly, and that of thin plates least rapidly, as the temperature increases, and | 
we may suppose, that if we could procure a plate of glass of sufficient tenuity, we 
might (without heating the plate at all), by finding its absorption for heats of 
different temperatures, find its radiation at those temperatures, which (if the 
plate were thin enougii) would give us the law of radiation of a glass particle. 
This law would not increase nearly so fast with increasing temperatures as 
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Dutone and Petit’s law; it may even be that the radiation of a glass particle is 
proportional to its absolute temperature. 

40. But all substances (with the exception of black mica and black glass, 
whose peculiarity may perhaps be otherwise explained) have the same properties 
as glass with regard to heat; that is, they are more diathermanous for heat of 
high than for heat of low temperature. The radiation of thin plates or particles 
of all substances will therefore increase less rapidly with temperature than that 
of black surfaces. It may therefore be, that the same law of radiation is common 
to very thin plates or particles of all bodies; this law (whatever it be) giving, in 
all cases, a less rapid increase of radiation with temperature than is indicated 
by Dutone and Petir’s law. Had, however, the diathermancy of thin plates 
of different substances in some cases diminished, and in others increased for 
heat of high temperature, the law of radiation of a particle could not have been 
the same for all bodies. 

The generality of this law of eciei dintherteaney of all bodies for heat of 
high temperatures seems, therefore, to me to argue in favour of the universality 
of the unknown law of particle radiation which depends upon the former. 

41. What, then, does DuLone and Petit’s law express? The answer is, It 
expresses the law of radiation of indefinitely thick plates, and we have shown — 
_ that it increases faster than the law of radiation of a material particle. | 

To facilitate the comprehension of this subject as much as possible, I have put — 
it in the following shape. Suppose we have two substances opposite one another, 
the one having the temperature of 0°, and the other of 100°, the latter will of 
course lose heat to the former—let us call its velocity of cooling 100. : 
| Suppose, now, that (the first surface still retaining its temperature of 0°) the 

second has acquired the temperature of 400°; then we should naturally expect . 
‘the velocity of cooling to be denoted by 400; but by Dutone and Perit’s law, it 
is much greater. The reason of the increase may be thus explained. At the — 
- temperature of 100°, we may suppose that only the exterior row of particles of 
the body supplied ‘the radiation, the heat from the interior particles being all 
stopped by the exterior ones, as the substance is very opaque for heat of 100°; 
_ while at 400° we may imagine that part of the heat from the interior particles is 
allowed to pass, thereby swelling up the total radiation to that which it is by: 
Dutone and Pertrr’s law. 

42. We have thus ascertained —1st, That Duong and Pevt’s sai is not the 
' law of radiation of a material particle; and, 2d, That this law increases less 
rapidly with the temperature than DuLona and Petit’s law. But. now the ques- 
: tion arises, Can any method be indicated of spit tcciaiesiag experimentally the law 

of radiation of a material ‘particle ? : 
_ Now, by continually diminishing the thickness of the plate whose veiliation ee 
different temperatures we are ascertaining, we certainly approach nearer and 
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nearer to the desired law, and, by using the method indicated in Art. 37, we may 
avoid heating this plate at all, and thus overcome one source of experimental dif- 
ficulty. Yet the thinnest plate we can procure of a substance such as glass or 
-tnica acts, to all intents, as an indefinitely thick substance for a great many of 
the rays of heat—that is, it stops them all. The change, therefore, of the unknown 
law of particle radiation into DuLone and PeEtit’s law will, to a great extent, 
have taken place even within this very thin plate ; s0 that, in order to reach the 
desired law, or even approximate to it, we should have to use much thinner plates 
than we could possibly procure ; and, even without the necessity of heating the 
films, the experimental ne and labour of such an investigation would be 
very great. | 
On the other hand, we may suppose that, since a . thin film supe so much 
heat, a portion may be stopped in the physical surface of the body, and the ab- 
sorption might thus influence the law of reflection of heat from the surface. The 
amount of this influence depending on the absorptive nature of the particles, we 
might be able to measure the absorption, and, consequently, the radiation of the 
physical surface, that is, of a very thin plate. | | 
_ But, in the first place, the difficulties of such an investigation would be even 
greater than in the previous case; and, in the second place, the true law of reflec- 
- tion is not yet finally settled. 2 
I am therefore induced to think, that it is wail Lielies to attempt to ascer- 
tain the true law of: radiation of a material particle, at least by any method of 
experimenting depending upon the use of thin plates, or on the change which ab- 


sorption may be presumed we cause in the amount of heat reflected from the sur- 
face of a body. | 


Episvrou, March 22, 1859. 


On General Diathermancy (added 15th June). 


_ 48. Circumstances having occurred which may interfere in the meantime with | 
my further experiments on heat, I annex to this paper an account of some experi- 
ments made since the date of reading. These were proposed with the view of as- 
certaining whether diathermancy is confined to rock-salt, or whether other bodies 
partake of this property. Ifthe latter be the case, the reason why we have not — 
hitherto ascertained it to be so is evidently the difficulty of obtaining crystals of 
many bodies sufficiently large to operate upon; aud if we wish to prove these 
diathermanous we must do so in a is di that does not render sey the use of 
large crystals. 

44. Now, a body that is aii for light, forms, when pounded, a white 


powder, or one that reflects a great deal of light. It will be granted that the rea- 
NOL. PaRT.1. T 
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son of this is because we have not only the reflection from the outer surfaces of the 
crystals, but also from many interior surfaces. Now the same remark is appli- 
cable to heat. A body that is diathermanous or transparent for heat should, as 
a powder, be white for heat, or, in other words, reflect it. But (First Series, Art. 
31) the reflection plus the radiation of a body at any temperature equals the 
lamp-black radiation of that temperature. Hence a powdered diathermanous 
substance ought to radiate less than lamp-black. Accordingly, different sub- 
stances having been pounded into a fine crystalline powder, made into a paste 
with water, spread on the two sides of parallelopipedons of wood, dried, and 


one of the sides, when dry, rubbed over with lamp-black, the ee result - 
was obtained :— 


TABLE VII. 
Radiation at 212°. 
_ Name of Substance: White side. Black side. 
White Sugar 98-7 100 
Sulphate of Potash ‘ 88-1 100 
Nitrate of Potash . 86:7 


_ 45. Thus we see that table-salt being white for heat, the radiation of the white 
side is less than that of the black side ; and further, white sugar and alum being » 
both nearly black for heat, the radiation of the one side is nearly equal to that of the 
other. Wesee, moreover, that sulphate of potash and nitrate of potash, especially 
the latter, are white for heat, although not quite sv much so as table-salt. May we 
not therefore presume that these substances are diathermanous? There is, more- 


over, the following method of confirming the testimony in favour of the diather-— | | 


-mancy of these substances as derived from this experiment. | : 
46. Table-salt being white for heat, part of the reflected heat will be composed 
of rays which have been reflected from the internal surfaces of crystals. Such 
rays have therefore been sifted, having left-behind that description of heat which 
passes with difficulty through rock-salt, and also (Art. 9) through mica. The 
whole reflected heat from a surface of table-salt should therefore be of a nature 
which passes more easily through mica than ordinary heat, and (First Series, Arts. - 
31 and 33) since the sum of the reflected and the radiated heat is equal both in 
quantity and quality tothat from lamp-black, it follows that the radiated heat from 
table-salt (and probably from other substances white for heat) should, in order to 
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make up the average quality, have a somewhat greater difficulty in passing through 
mica than ordinary lamp-black heat. Accordingly, it was found that the diather- 
mancy of a mica screen for heat from table-salt was less than that for ordinary 
lamp-black heat in the proportion of 92 to 100, while it was less for heat from 
- pounded sulphate of potash in the proportion of 93 to 100, thus confirming the 
analogy between rock-salt and sulphate of potash. No such difference was 
observed for heat from sugar. _ 

47. We see also from the above table that the radiation and therefore the ab- 
sorption of table-salt is 83:1 per cent., leaving 16-9 per cent. for the reflected heat. 
Now MELLont found that chalk absorbed 56°6 per cent., and consequently refiected 
43:4 per cent. of heat from a Locatelli lamp ; and if we suppose table-salt to be at 
least as white as chalk for heat of that temperature, we must conclude that table- 
salt is less white for heat of 212° than for heat from a Locatelli lamp, following in 
this respect the same law as chalk, which, from being nearly black for heat at 
212°, becomes comparatively white for heat from a Locatelli lamp. There is also - 
little doubt that table-salt reflects more than 16-9 per cent. of the light that falls | 
upon it. Hence we may conclude generally that powders even of diathermanous 
bodies are less white for heat of sow temperature ‘than for heat of high temperature 
and for light. 

48. It would also seem, that although, comparing one ; acuee with another, 
there is no relation between apparent whiteness and whiteness for heat, since it 
was found that very white surfaces of pounded sugar and alum (the particles com- _ 
pressed, not made into a paste with water) reflected little or no heat; yet, com-. . 
paring powdered surfaces of the same diathermanous body together, there seems 
to be some relation between their apparent whiteness and their wiiteness for heat. — 
insufficient pounding, or any circumstance which diminishes the apparent white- 
ness, diminishing also its whiteness for heat. 
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VII. —Inquiries about Terrestrial Temperature ; to which is added an Index to M. 
Dove's Five Memoirs on the Temperature of the Globe. By James D. Forses, 
D.C.L., F.R.S., Sec. R.S. Ed., Professor of Natural Philosophy in the Univer- 

sity of Edinburgh. 


(Read 7th March 1859.) 


_ 1. To find the numerical law according to which the temperature of a place 
varies with its latitude, is an empirical problem which has, since the middle of 
the last century, from time to time engaged attention. 

2. LAMBERT, MAYER, and Kirwan in the last century, De Humpoipt, Brewster, 


Kamrz, and Dove in the present, may be cited amongst those who have investi- 


gated formulze which express, with more or less accuracy, the mean temperature 
of a place in terms of its latitude. 
_ 8. The formulze proposed are mostly reducible to two a variation de- 


pending upon the cosine of the latitude simply (that of Sir D. Brewster), and 


- one depending on the square of the same quantity (that of Mayer). 
4. There is no doubt @ measure of truth in both these assumptions. If we 
select maritime stations in the northern hemisphere (and these, on the whole, 


furnish the most numerous class of observations), the simple cosine affords a re-_ 


markable approximation to the law of terrestrial temperature. If we take exclu- 
sively observations in the interior of continents, then the temperature decreases 


more nearly with the square of the cosine; and if we include both classes of | 


stations indifferently, the afforded by the latter law seems still to 
be the best. — 

| 5. To De Humsoxpt, Kamrz, and Dove, we are indebted for the most important 
accumulations of materials derived from observation for the elucidation of this 
subject: De Humpo.pt, however, had the singular merit of giving an empirical 
generalization of the facts by means of his isothermal lines, which indicate, in a 
manner equally natural and instructive, the distributionof temperature over the 
globe, after correction for the elevation above the sea des the places of obser- 
vation. 

6. The same ths pointed out with great skill and acuteness the saesical 
influences which prevent the isothermal lines from being everywhere parallel to 


the equator, such as the irregular distribution of land and water, and the mamncmce 3 


of permanent or periodical currents in the ocean and the air. 
7. Thus, in his hands, this part of the science of meteorology passed out of the 
domain of barren mathematical generalization into that of rational physics. 


8. Sir Davin Brewster endeavoured later to show that there are two poles or. 
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centres of extreme cold in the northern hemisphere, connected with the predomi- 
nant masses of land in Siberia and Arctic America; and he ingeniously suggested 
that the isothermal lines might form a connected set of double curves, analogous 
to lemniscates, round these centres as poles. With this assumption, he was led to 
propose a formula for the mean temperature of any place depending on the pro- 
duct of the sines of its angular distances from the two cold poles. M. Dove con- 
tests the existence of two centres of minimum temperature in the annual means ; 
yet his researches make it exceedingly probable that they do exist in winter, as 

at most seasons there are also two centres of greatest heat in the tropical regions, 
depending partly on the local accumulation of land, partly on the poculiassty of 
the marine currents. 

9. But the most instructive mode of indicating the climatic irregularities of the 
globe, subsequently to the isothermal lines of Dz Humsoprt, is Dove’s represen- 
tation of what he calls the “Thermic Anomaly,” by means of “Isabnormal 
_Curves.”* The principle of these curves is the following :—The average tempera- 
ture of every tenth parallel of latitude is taken by tabulating its temperature at 
36 equidistant points—that is, on every tenth meridian. These numbers are best 
_ obtained from the isothermal curves on the plan of De Humsotpt. The tempera- 
ture of any place on the given parallel is then compared with the mean of the 
parallel, and lines are drawn through all those places whose temperature is 1°, 
2°, 3°, or more degrees above the mean of the parallel; and other curves are drawn 
through points which are 1°, 2°, &c., below the mean of their respective parallels. 


_ These deviations + or — from the mean of the parallel are called the ‘‘ Thermic 


Anomaly,” representing, in fact, all the heating or cooling causes in action at a — 
given place, independently of its distance from the equator. The curves so drawn 
are called the ‘ Isabnormal Curves of Temperature.” The whole globe is thus di- 
vided into two vast, but not necessarily continuous regions; the one having a 
_ temperature higher than the mean due to the latitude, and the other having a 
temperature below the mean. Centres of relative maximum cold, coinciding 
nearly with the Cold Poles of Sir Davin Brew STER, are found in the regions 
of Hudson’s Bay and of Eastern Siberia. | | 
| 10. The isabnormal curves may also be formed for different seasons, when they | 
become very instructive. In winter, the relatively cold centres of the northern 
- hemisphere are within the continents, and the relatively warm centres are in the 
North Pacific and North Atlantic respectively ; in summer these positions are re- 
versed, beautifully pointing out the effect of the ocean in equalizing the tempera- _ 
_ ture of the globe. | 
11. To ascertain the “Thermic semaine M. Dove, of course, required to fix 
as exactly as possible the mean temperature of every tenth parallel of latitude, 


* The Distribution of Heat over the surface of the Globe, &c, Plates IV. and V. Ato.  Lon- 
don, 1853, 3 
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which he did by the method which I have indicated above.* Preliminary to this, he 
had amassed and discussed an unprecedetited amount of observations, as well for 
the mean annual temperature as for that of each month in the year.} The results 
form by far the most valuable body of information which we possess on this sub- 
ject. It is still, however, very much to be desired that M. Dove would add yet 
another to his various contributions to climatology; and that is a MercaTor’s 
chart on a large scale, and well engraved (similar to that of Duperrey for the di- 
_ rection of the magnetic needle), indicating all the places for which he has obtained 
the mean annual temperature, with that temperature (as reduced by him to the 
sea-level) engraved in figures on the chart, and the isothermal curves drawn 
amongst these figures, as M. Erman has so well done with reference to the mag- . 
netic declination. At present we are deficient, not only of a precise and easily 
tested indication of the evidence on which the isothermal curves at any given 
part of the globe (and especially at sea) are determined, but owing to the small 
scale and rather rude execution of existing maps, and their occasional disagree- 
ment with one another, there is often a difficulty in making them as useful as they 
might otherwise be. M. Dove must be in possession of all the materials of such 
achart; and it isto be hoped that he will add to the benefits which he has already 
conferred on the science of meteorology by its speedy publication. 

12. The “Thermic Anomaly,” of which I have spoken above, which is nothing 
else than the expression of the effects of climatic influences not immediately de- 
_ pending on the latitude, is primarily due to the irregular distribution of land and 
water. Were the earth’s surface homogeneously constituted, were it all land or 
~ all water, the symmetry of the different meridians would be perfect,—there could 
be no assignable cause for a variation in the gradation of climate from the equa- 
tor to the pole depending on the longitude. The isothermal lines would coincide 
with the parallels of latitude, and the inflections of the isothermal lines, which, 
in the language of M. De Humsounr, are precisely what the thermic anomaly is 

in the language of M. Dove, would cease to exist. 
| 13. The irregular intermixture of oceans and continents acts primarily by the 
inequality of the absorption and detention of the solar rays by land and water, and 
by the laws of conduction and of convection which regulate the internal motion of _ 
heat in the one and in the other. But, secondarily, the consequences of this irregu- 
- larity are > not less important in satin currents of-the air and ocean. Heat 


* The Distribution of the Heat of the Globe, &e., p. 13, &e. Lantiol: 1853. [The same work 
was published in German at Berlin. In point of fact, the annual mean temperatures of the parallels 
are derived by M. Dove from the average of the twelve months separately considered, and projected — 
in monthly isothermal lines. It would probably be preferable to deduce them from the annual curves 
-alone, which rest on a surer basis. ] | 
a t See his “ Five Memoirs” in the Berlin Transactions, “ Ueber die nicht aladiadiad Aenderun- 

gen der Temperatur vertheilung aufder Oberfliche der Erde,” and his “Temperature Tables,” in Re- 
Brit. Assoc., 1847, 
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or cold travel to or from the interior of continents, or parallel to their shores, in a 
manner which physical theories may indicate in a general way, but cannot possi- — 


_ bly evaluate with accuracy. Further, the periodical conversion of vast surfaces 


of salt and fresh water into the state of ice must alter, for a — of the year, the 
laws of temperature. 

14. The secondary anomalies jude referred to are in their nature in a great 
_ degree compensatory. If acurrent of hot water moderates the cold of a Lapland _ 
winter, the counter current, which brings the cold of Greenland to the shores of the 
United States, in a great measure restores the balance of temperature, so far as it 
is disturbed by this particular influence. The prevalent winds, in like manner, 
_ including the trade-winds, though they render some portions of continents on the 
average hotter or colder than others, produce just the contrary effect elsewhere. 
Each continent, if it has a cold eastern shore, has likewise a warm western one, 
and even local winds have for the most part established laws of compensation. In 
a given parallel of latitude all these secondary causes of local climate may be 
imagined to be mutually compensatory, and the outstanding gradation of mean or 
normal temperature will mainly depend—1s¢, Upon the effect of latitude simply ; 
2d, On the distribution of land and water considered in their primary or stati- 
cal effect, which in a first approximation we may conceive to be proportional to 
their relative areas. 

15. Assuming, then, the data with which the tables and charts of M. Dove is | 
nish us, I propose first, to inquire what portion of the average temperature of the 
globe in each parallel is due to the land, and what to the water, which respectively 
belong toit. Next, I propose to obtain a formula, empirical, indeed, yet involving 
the elements of physical geography as data, for expressing the mean temperature of — 
a given parallel, and thence arrive at an approximate answer to the inquiry as to’ 
what woulc have been the equatoreal or polar temperature of the globe, or that of 
any latitude, had its surface been entirely composed of land or of water,—a result 
not without interest in cosmical speculations, even if subject to some — of 
uncertainty. 

16. Every one acquainted with physico-mathematical investigations, soiletelly 
those of more recent times, is aware that the flexibility of an algebraic formula in- 
_ cluding several constants is such, that its coincidence ‘with a series of graduated 
_ observations must be very cautiously admitted as any proof whatever of the relation 
of the numbers being otherwise than empirical. My object here being to obtain 

a formula necessarily involving several constants, but with a certain physical 

_ significance, the importance of testing the parts of the formula by independent 
~ analogies cannot be overrated. In order, therefore, to show that the result of my 
labours has been something more than the mere empirical coincidence to which 


I have referred, it will be necessary to trace the course of the. coe and 
verification which I adopted. 
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17. § 1. to the Pole empiri- 
cally represented. 

{ have referred to the attempts which have been made during the last hundred 
years to find an empirical formula showing the gradation of temperature, from the _ 
Equator to the Pole, in the northern hemisphere. Setting wholly aside, and en- — 
deavouring as far as possible to forget for the moment any formule of the kind, I 
_ started a fresh with the numbers given by M. Dove in his work already cited (par. 9), 
and, by a process considerably indirect, I obtained a formula which represents 
these numbers with greater exactness than perhaps any other yet employed. 
_ The form of the expression is indeed coincident with that probably first used by 
M. Kamrz, expressing and suggested by the physical fact, that the temperature of 
the globe (on an average of all meridians) reaches its maximum, not at the Equa- 
tor, but somewhat farther north ; according to this formula, 1 in lat. 6° 30/ N. 

18. The formula (purely empirical) i is this :—— 

T=80°8 cos? (A—6° 30’), 
where T is: the mean annual temperature on Fahrenheit’s scale, of the parallel 
whose latitude is A. 

19. The following table contains a comparison of this formula with numbers 

derived from M. Dove’s charts and tables :-— 


Taste I. 

‘Werth Lat Dove's Ghevts Temp. |Differonce of | North Lat, | |, | Difference of | 
0 tit by Formula.| Formula. Tables. by Formula.| Formula. 
m7 79°8 | +071 | 60° | 2978 | 9876 | 
10- | 79:9 | 805 | 65 22-6 2:1 |: 
775 76 —1°1 70 16-4 | 161 | -—03 
30 | 67-9 | -19 | 7% 107 | +04 
40 56-5 66-2 | || 80 68 65 | —0°3 
50 42 ‘5 42-5 | - 0-0 | 90 23 |: 10 | 


20. On this table Ihave to remark, thatthe numbers in the second column for 
the latitudes 50°, 60°, and 70°, differ by +0°8, —0°4, and +0°-4, from those given 
by M. Dove at page 14 of his Distribution of Heat, &c. The numbers adopted 
_ have been deduced from a most careful investigation from M. Dove’s more recent 
Polar Chart of Isothermal Lines, in his K limatologische Beitrdge, published in 
1857.* These numbers sensibly diminish a very manifest anomaly in the pro- 

_ * It is by no means an easy matter to deduce the mean temperature of a given parallel cor- 
rectly from an isothermal chart. What precise method M. Dove adopted I am not aware. After 


various attempts, I found the following procedure to be the only satisfactory one. Taking eighteen 
equidistant meridians (20° apart), I projected the temperatures indicated by the isothermal lines 
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gression of temperature under the 50th and 60th parallels. The numbers for 80° 
and 90°, and in a great measure also that for 75°, rest upon a method of graphical 
interpolation, explained by M. Doveat p. 13 of his Distribution of Heat, &c., which 
I have verified ; but it must of course be received with considerable allowance. 
The formula is least accurate about latitude 30°, evidently depending on certain 
physical peculiarities which cannot be embraced in so simple an expression.* 

21. The numbers in the second column of Table I. are projected in Plate II. 


§ Il. The Distribution of Land and Water according to Latitude on the Globe. 
_ 22. It has been stated in the introduction to this paper that the unequal distri- 
bution of land and water on the surface of the globe is the leading cause of the 
irregular distribution of temperature, considered independently of the latitude ; in 
other words, of the Thermic Anomaly. If we are to trace the connection between _ 
the temperature of a given parallel and the amount of land on that parallel, it 
will be convenient to form a table of this amount for every 10° of latitude, both 
‘north and south, compared to the entire circumference of the parallel. This is 


as perpendiculars erected on a straight line at intervals corresponding to the latitudes at which they - 
intersect the given meridian. An interpolating curve being drawn easily among the extremities of 
these perpendiculars, the abscisse corresponding to every 5° of latitude are ascertained and tabulated, 
The mean of these numbers, taken round the whole circumference, gives the required number for each 

_ parallel. I think it worth while to preserve the numbers I have obtained, which are given in the | 
following table, as they may be of service in future inquiries. I may here add, that the character 
of the climatic gradation in different latitudes is highly instructive. The curves of temperature cor- 
responding to oceanic meridians, such as that of Greenwich, are everywhere decidedly concave to the 
axis (representing a variation depending nearly on the simple cosine), while those of the continents, 
such as longitude 120° E., tend to become convex towards the axis in the higher latitudes (inclin- 
ing to the law of the (cosine)*), or else they form almost a straight line sloping towards the pole. 
This is in conformity with what has already been said in par. 4. See also par. 28 below. 


TaBLe of TEMPERATURES (FAHRENHEIT) deduced from M. Dove’s Potar Cuart of 1857. 


LONGITUDE East oF GREENWICH. 


oe | 20° | 40° | 60° | 80° | 100° | 120° | 140° | 160° | 180° ; 200° | 220° | 240° | 260° | 280° | 300° | 320° | 340° 


50° || 58° 47° |44° |41°5] 39° | 36° |38°-5)87° |41° |42>5 47° | 51° | 48° | 88° | 33° |84%5 44° |54°-5) 42°5 
60 |36 5/81 25-527 |86 |29-5,21 |17 | 24-5) 34-5) 42-5] 29 
65 |40 |36-5)88 |26 |28 |19-513 [18-520 [18 |19 |20-|17 |11 |11 | 22 22-6 | 
70 |/88 5/83 [29-522 |20 | 6-5, 6-512 |12-5/11-5)10 | & | 2-5) 8 |16-5)24 |27-5) 16-4 
\28 0-51 5 | 8-5-5 |-1 | 5 |10-518 |21 75 


* The great simplicity of the formula (par. 18) turns upon the accidental circumstance of the 
zero Of Fanrenueit’s scale so nearly coinciding with the temperature of the pole, as Sir D, Brewster 
long ago remarked. The formula, would represent the numbers of M. Doves slightly better if a small 

constant term were introduced ; thus, T= 1° +4 80° cos? (A—6° 30’), and in using any other thermo- 
metric scale this might be preferred. This formula becomes | | 
T= —17°2 + cos? (A—6° 30’) on the Centigrade scale. 
T= —13"'8 + 35°5 cos? (4 — 6° 30’) on Reaumun’s scale. 
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done in the following table, commencing from the north pole. The proportions 
were taken by accurate measurement from a three-feet Cary’s globe, with the ex- 
ception of the Arctic regions, which were measured on an Admiralty polar chart. 


Tasze II, 
Parallel. Proportion of Land. Proportion of Water. 
90° North Unknown, Unknown. 
Unknown, Unknown. 
“568 
437 
445 
» 434 
234 | ‘766 
—10 South "204 “76 
225 ‘775 
—40_,, ‘960 
—50 ,, 021 979 


23. The numbers for the land are projected in Plate IIL, fig. 1, and the curve 


rudely drawn through them gives an approximation to a physical law of the dis- 
tribution of sea and land from latitude + 75° to latitude —50°, alittle beyond which 
occurs the only portion of the known globe where the entire circle of latitude 
passes through water, since farther south the antarctic land commences. On the 


- other hand, the maximum proportion of land (about siz-tenths of the circum-— 


nt occurs in the northern hemisphere, almost — upon the Arctic circle. 


§ Ul. Hypothesis respecting the Law which Regulates the Temperature 1 im 
Different Latitudes. 


24. From what has been said (par. 14) it will be sateen’ that I eciel the 


- temperature of a given parallel as a function (1) of the latitude, (2) of the pro- - 


portion of land and water in or about that parallel. Our object, therefore, is to 
find the form of the function. And if our proceedings shall appear to be in the 
_ first instance somewhat arbitrary, the reader is requested to suspend his 


judgment until he sees the pengeniens confirmations which will be afterwards 
adduced. 


25. The following may “ regarded as the more fundamental premises or 


postulates :— 
26. First, The law must be that of decreasing temperature throughout, from the 
equator towards the pole; and the arbitrary formula of par. 18, and the curve 
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(Plate I.) show that the decrease is least rapid near the equator, becomes more 
rapid afterwards, and again diminishes somewhat less rapidly (or, at least, its rate 
does not increase) in the highest latitudes. es ; 

27. Secondly, The temperature of a given parallel may be considered as com- 
pounded of two distinct temperatures; that which would belong to a sphere all 
of water placed under the same external heating influences as our globe; and that 
_ which would belong to a sphere of land in the same circumstances. Or it will be 

‘more convenient to consider the sphere of water as the normal condition of the 

_ globe, and the influence of the land as a disturbing effect ee _ the | 

‘fundamental condition of an aqueous globe. 

28. Lhirdly, As regards the law of temperature on a sphere of water, which by 
the second assumption (27) is to be taken as the basis of our calculation, it 
has been shown in the introductory part of this paper (4), that on those me-_ 
ridians which pass through one of the great oceans—the Atlantic, for example— 
_ the decrement of temperature from the equator to the pole follows pretty nearly the 
formula of Str D. Brewster or the simple cosine of the latitude; but when the 
continents are included, it is more accurately expressed by the formula of MaYER 
or the (cosine)’. These empirical relations are graphically expressed in Plate III., 
fig. 2, where the relation is shown between the curve of the simple cosine and 
~ that of (cos)? lat. The lower the power of the cosine used (including proper frac- 
tional powers), the more convex is the curve to the axis, or the farther does the 
tropical temperature advance towards the higher latitudes: the higher powers of 
the cosine exhibit a more and more rapid deciine towards the middle latitudes, 
while there is a point of contrary flexure, indicating the less rapid rate of diminu- 
tion as we approach the pole.* The character of these two mathematical laws is 
well illustrated by the curve of temperature along the meridians of 0° (or that of 
_ Greenwich) and 120°E., in the curves of Plate IIL, fig. 3, the former representing — 
a maritime the other a continental meridian.}| The former of these (or the Atlantic 
climate) has the character of the curve which depends on the simple cosine of the 
latitude, the latter (the Asiatic meridian) of some higher power of the cosine. It _ 
is therefore likely that on an aqueous sphere the temperature will be a maximum 
sensibly at the equator, and will decline on either side according to a regular law _ 
depending on some power of the cosine of the latitude, and it is moreover pro- 


 bable that this power will not differ greatly from unity. Let us, however, consider 


* It is to be well observed, however, that in these mathematical curves the commencement and 
ends of the two curves are wade to coincide. They are merely drawn for the purpose of showing the - 
gradation, according to one law or the other, from a given temperature to another given tem- 
perature. A curve intermediate between the two showing the variation of the fractional power 
(cos)?, the upper portion of which is nearly straight, is added for a purpose which will be immedi- 
ately explained (33). | 
+ The curves are drawn so as to show the general curvature, without following the minor and 
sometimes doubtful inflections. In particular, the tropical part of the water meridian may be con- 


sidered to belong toa ee a little west of Greenwich, so as to avoid the influence of the African 
continent. 
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the power as being in the meantime unknown. The expression for the tem perature 


~ of the aqueous globe in a latitude A may be thus expressed :— 
T,=A+B cos”a 


where A, B and m are constants to be found. Of course the equatoreal tempera- 
ture of the water globe will be A+B, and the polar temperature will be A. 


29. Fourthly, We will next, as an approximation merely, consider the effect of - 


land in modifying the temperature of a given parallel to be proportional directly 
to the proportion of land on or near that parallel.* 

30. Fifthly, The general influence of land on climate is tolerably well known, 
and may be verified by the study of different climates. In every parallel of latitude 
the effect of masses of land or continents is to exaggerate the variation of tem- 
perature due to the seasons. The temperature of the ocean is more nearly uniform 


than that of continents. But besides this, as a general rule, the presence of | 


continents affects the mean annual temperature, exaggerating the character of the 
climate, whether it be above or below the mean of the globe or hemisphere. It 


follows from this, that below a certain latitude the term in the expression for the. 


mean temperature depending on the amount of land is additive ; beyond that 
latitude it becomes subtractive; and in one particular parallel it is = 0, or the 


- mean temperature is independent of the distribution of land and water. Thus © 
the accumulation of land in intertropical Africa produces a temperature in excess _ 
of the mean of the parallel, while in Siberia the effect of the great concentration 

of land is precisely the reverse ; the temperature there is below the mean of the _ 


* If it were practicable to go into such details, it is probable that the influence of continents 
might be more accurately expressed by a different law from one depending on their simple breadth, 
A narrow land with ocean on both sides will have a slighter peculiarity of climate than if it were 
attached to a wide continent,.and | 
partook of a thoroughly continental 2 
character. In like manner, if ninety- ‘elas P 
nine hundredths of the circumference 
of the globe in any parallel were land, 
the smal! residue of ocean would 
affect the continental character of the | | N. 
climate even less than in proportion’ aes " 
to its small extent. Let the circum- ee 

ference of the globe in any parallel 3 

be denoted by the line AB (=1); 

_ the fraction representing the land on the parallel by the abscissa AM (=L) ; let, also, BC express 
the extreme value of the term which expresses the effect of land on the temperature of the parallel ; 
then, for any value of L less than unity, the magnitude of the temperature-correction due to land 
would not be MN but. Mn, which increases slowly when L is very small or very great, and most 
rapidly when L=}. Such a co-efficient might be adequately represented by such a function of L as 


54 1—cos L } 


But such a mode of calculation would be perhaps a needless refinement, as we should have to take 
into account not only the sum of the land in the parallel, but also its continuity, or the contrary. 
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parallel. In an intermediate latitude, which seems to be about that of the Medi- 
terranean Sea, these opposite influences are neutralized. These effects may be 
traced both on the common map of isothermal lines, and in M. Dove’s maps of 
the “Thermic Anomaly.” In the former, the curvature of the isothermal lines is, 
in tropical countries, usually concave towards the equator over the continents,— 
that of Africa, for example,—but it is convex towards the equator, or the iso- 
thermals bend to the south in passing over the continental portions of higher 
latitudes, as in Siberia. In the maps of the “Thermic Anomaly,” the effect of 


~ Jand is still more apparent, being denoted by ovals of relative heat in the con- 


tinents of the warmer latitudes, while ovals of relative cold occupy the vast 
northerly areas of Asia and America. 

$1. Siathly, From an inspection of the above-mentioned charts, it is pretty 
evident that about the 40th or 45th degree of north latitude is, on an average, that 


where the distribution of land and water is a matter of indifference as regards 


temperature. We have seen in the last paragraph that the climatic influence of 


 Jand increases in both directions from the neutral parallel, as the climate assumes 


more of: the tropical or arctic character. As a first approximation, we will 
assume that the term depending on the land is effected by the co-efficient cos 2A, 
which makes it zero at 45° of latitude, and gives it a positive value below that 
latitude and a negative value above. Of course, any odd power of cos 2A 
would answer to the same conditions. Hence the Land term of the formula will, 


_ in terms of this and two preceding paragraphs, be thus expressed :— 


C. L. cos 2a 


where C is a constant expressing the excess of equatoreal temperature on a sphere 
all land above that of one all water; and L is the fraction of land compared to 
the circumference of the parallel.’ It will also be more in accordance with physical 


principles if we take for L its average value over a certain space north and south 
of the parallel under consideration. 


82. Collecting the terms of the formula, we have. 
T,=A+B cos C. L. cos 2a 


which contains four unknown quantities, A, B, Cand m. My next procedure was to 
obtain these constants by elimination between four equations furnished by Dove’s 


_ temperature of the parallels (19). These being projected in a diagram, and 


an interpolating curve drawn amongst them, the ordinates of that curve* were — 
taken for the latitudes 0°, 30°, 50°, 70° north, as expressing best the course of 
climate observed in onehemisphere. The equations were (on Fahrenheit’s scale) 


* It may be satisfactory to add, that the xesults obtained by using M. Dove’s numbers without 
any modification lead to an almost identical result when the same latitudes are employed. 


| 
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80° =A+B+:217C 

69°-5=A+B cos” 30° +:395 C cos 60° 
42°°7=A+B cos” 50°+°53 C cos 100° 
15°°7=A+B cos” 70° +°395 C eos 140° 


where it is to be remarked that the numerical co-efficient of the last term is not 
the fraction expressing the land on the precise parallel, but the mean of three values 
of the land (graduated by an interpolating curve) extending over a space +10 on 
either side of the given parallel. This seems to give a truer expression of the 
climate of the parallel.* I call this factor L’, | 

33. These equations being solved (m — found by approximation) 1 we have 
very nearly— 

T, =12°5 + 59°-2 cos ¢ 4+38°1 cos 2 


From this we readily deduce what the equatoreal and polar temperatures would 
he, Ist, of a globe covered entirely with water ; 2d, of a globe see of land— 


7 All Water. All Land. 
Temperature (a=0°) 71°7 Fahr. 109°-8 Fahr. 


Polar Temperature (2=90°) . 


Confirmation of the Hypothesis and Formula. 


34. The preceding calculations are founded upon the configuration and cthnate 
of the NorTHERN Hemispuere alone. I think it important to add, that they were 
actually made without any anticipation of how they might apply to cases not con- 
templated in the construction of the formula. The following table shows the 


* Thus treated, the numbers of Table II., par. 22, give the following results :— 


| L ot 
Latitude. Proportion of Land Mean of 3 values L’: coe 2a 
by Equalizing Curve. from a—10° to 2+10° 
| 
75°N 29 30? —'260 
70 ,, 48 395 —*303 
65 ” eee 46 
60 ,, "58 —*260 
50 ,, 7 
40 ” 47 “47 + 
40 395 +°197 
20 ;, 32 318 +°244 
10 ,, ‘252 +°237 
21 ‘217. +°217 
—108. 22 ‘21 +197 
—20 ,, ‘22 +°157 
—30 ,, | "18 +°080 
—40 ,, | O7 085 


; 
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results of a comparison of the approxiniate formula (33) with M. Dove’s tables 
for other northern latitudes than those used in constructing it; and also for the 
‘southern hemisphere, so far as trustworthy observations extend. Latitudes be- 
yond 75° north cannot be made use of in consequence of our ignorance of the 
distribution of land and water in those regions. 


III. 


| Values from Formuia: 
Latitude. | Temp. Observation.| ‘Theory. Difference. 
| All Land. All Water. 

16-5 +0°1 —1°6 28 -0. 
90-6 20 +8 | 

99-8 27-5 18-4 | 87-4 
43-0 +0°°5 39 -9 
58 -0 +1°5 61-4 64:9 
69 -4 ~0-4 80-9 61:9 
16-6 ~0-9 96.5 | 
79-7 80-0 +0°3 109 ‘8 
10 South | 78-0 78-1 +4071 106-3 
20° bo gad 96-5 67 

55 +09 61-4 64 9 


35. I will not now direct attention to the numbers for the northern hemisphere, 
_ which may not be thought to coincide better than (or, perhaps, even as well as) 
might have been anticipated from the range of latitudes used in deducing the for- 
mula. But the general close coincidence of the observed with the calculated tem- 
peratures in the southern hemisphere offers a confirmation of a very different kind. 

36. The lower temperature of the southern hemisphere up to lat. 40°, compared to 
the northern, has often and justly been attributed tothe diminishing amount of land, - 
as the higher temperature of a parallel some degrees north of the equator, than 
that of the equator itself, is due to the increasing amount of continental surface, 
especially in Africa. Our formula gives a precise expression to these generalities. 
And the fidelity of the formula (at least for the lower latitudes) is proved by the 


i 
| ‘ 
j 
i 
| 
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accuracy with which it applies to more than one-half of the surface of the southern 
hemisphere. Indeed, the distinction between an Empirical and a Rational for- 
mula,—one founded on the mere law of continuity, and one on a rational basis,— 
is well illustrated by applying to this case the purely mathematical law (18), 
which for the northern hemisphere alone represents the observations there even 
better than our physical theory as yet does, but which yet egregiously fails when 
extended to southern latitudes, as the following table shows :— 


Taste IV. 
, Tem vii b Difference from Difference according to 
Lat. Sours. Lew of 18, Dove's Table. "Rational 
— 9-4 | 
36 | +09 


37. With this strong testimony to the reasonableness of our fundamental as- 


- sumptionsas to the influence of land, we may, by using the observed temperatures 


of corresponding parallels in the two hemispheres, obtain an expression for the in- 
fluence of land in each of those parallels, disengaged from any assumptions as to 
the effect of latitude in modifying the gradation of temperature on a globe whether 
composed of land or of water, such as we made in paragraphs (26) and (28) of 
§ 3. This is to be accomplished in the following way :— 

38. By our fundamental assumptions of § 3. we attribute to the land pe the 
_ water of any parallel an influence on the temperature in proportion to their respec- 
tive extent on that parallel. Thus, for the parallel whose latitude is A, let L, denote 
the fraction of the circumference composed of land, W, the remainder which is 
_ covered by ocean; by /, and #, the temperatures to be found for that parallel on — 
a globe all land and a giohe all. water respectively ; and by T, the observed om- 
perature on the given parallel, we have, by hypothesis, : 


T= W, 


and as the ‘cineeniaiies will be the same in thei same north and south latitudes on 
a homogeneous sphere of either kind, we may eliminate the unknown quantities », 

and /, between two equations of the above form, furnished by the observed values 
_ of T, on the corresponding parallels of the two hemispheres. Using the tempera- 
_ tures of the parallels slightly modified from those of M. Dove in Table I. , by draw- 
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ing an “ equalizing curve” amongst them (as in Plate II.), we obtain the follow- 
ing equations of condition :—* 


Northern Hemisphere. _ | Southern Hemisphere. 
80-0= "748 x w,, + 78:2=.790 x w,,+:210x1,, 
77°3 = 682 x w,, x = "795 x +°205 x 
69-5=-605 x w,, 66-7 = 840 x w,, +°160x1,, 
56-7 = "527 x w,, 56°1=:915 x w,, +085 
39. By elimination we obtain the following results for etther hemisphere :— 
V. 

20 67-4 98:6 31-2 

«64:8 19 
40 58-9 


Curves of Land and Water Temperature deduced from a comparison of the T'wo Hemispheres. 


40_ 
30 
= 
20 
+201, 
Eq. OL 
—10 
| 
~ 
& —3o 
Scale of Temperature. 


40. The numbers in this table being projected (as in the figure) for each hemi- 
sphere, we obtain two well-defined curves representing the temperatures of a land 
* I employ the “equalized” mean values of Land and Water on three adjacent parallels, as in 


_ the footnote to par. 32, where these numbers (for the proportion of Land) are designated as L’. But 
"it is worthy of notice that the simple numbers given in Tables I. and II., both for temperature and 


amount of land, would lead to nearly the same results. 


1 9 
| 
| 
| 
| 
| 
| 
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and water sphere up to latitude 40°. The temperature of the equator is obtained by 
— the part of the two curves near the vertex. We thus obtain 
Latitude. All Water. All Land. Diff. 
71°8 115°3 43°5 
These numbers, it will be observed, approximate closely to those obtained by a 
very different process for the temperature of the equator } in par. 33, es y as 
regards a sphere of water. 

41. The value of the constant C of par. 31, which hiteiss the maximum effect 
of the presence of land on the temperature of any part of the globe, is by this 
latter determination somewhat larger than by our formula of (33). Its value just 
found is 43°5, while by the approximate formula it is 38°-1—a difference which, in 
a research of this kind, must be regarded as not very material. The 2 aad value 
seems to be most to be depended on. 

42. Some indirect considerations still farther confirm the result that this quan- 
tity C, the maximum effect of land on the temperature of the equator, can neither 
greatly exceed nor greatly fall short of 40°. Thus, assuming the formula of 
(33), if we project M. Dove’s temperatures in a curve in terms of the latitude 
(as in Plate I1.), and set off from them the effect due to the presence of land, as 
indicated by the term of the formula C . L’ cos 2 A, we leave a curve of terrestrial 
temperature on a water sphere. Now, if we give to C a value much greater than. 
40°, it will be found that this residual curve becomes sinuous and irregular, 
having three points of contrary flexure instead of one or none at all. . This” 
complication is little probable under circumstances of remarkable physical sim- _ 
plicity. Again, if the influence of land were much /ess than that indicated:by the — 
value of C=40’, this would be inconsistent with the existing “Thermic Anomaly” — 
in the higher latitudes (as, for instance, in Siberia), where we can hardly suppose a 
greater cold to reign under existing circumstances than would be the case were 


the earth entirely composed of land. 


48. But one of the most striking confirmations which the argument of (38) affords 
of the accuracy of our first assumptions in § 3, is with respect to the latitude 
at which the “ Thermic Anomaly” vanishes altogether, or the distribution of land 
and water ceases to affect the mean temperature of the parallel. We had already 
(30) deduced from the inspection of the curves on- M. Dove’s maps of the 
northern hemisphere, and from them alone, that this critical latitude is between 
40° and 45°. The intersection of the curves of land and water temperature in 
the figure on the last page, deduced almost solely from intertropical tempera- 
tures in both hemispheres, point closely to the parallel of 425°, as that where 


the two curves intersect, or where the third term of our formula (par. 33) ought — 


to change its sign.* Hence the predominance of water in the southern over the 


_* It will be recollected that the change of sign was made to coincide with 45°, merely for the 
_ purpose of simplifying the formula. (See par. 31 ) | 
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northern hemisphere, as it certainly renders the climate colder up to latitude 
423°, ought beyond that parallel to have a contrary effect, such as the rapidly - 
diminishing numbers in the last column of Table V. also indicate.* : 


Conclusions. 


44, Although it might be possible to alter the table of comparisons between 


theory and observation (Table III., par. 34), by a slight modification of the for- . 


mula of (33), so as to appear more favourable to our hypothesis, I will not here 
attempt to do so. I shall be satisfied if I have indicated a method of taking 
account of the physical features of the globe in relation to climate, in such a 
manner as more accurate and extended data will enable future writers to render 


still more exact. 


45. Indeed, the trials which I have made to modify the form, or the constants 
in the formula of temperature, have satisfied me that it cannot at present be mate- 


_ rially improved ; since what is —_ in ee? in some one point of view is 


lost in another. 

46. The anomalies still indicated in the fourth column of Table III. must 
therefore for the present remain. Only, it may be remarked, that some of them 
may disappear by a more correct estimate of the mean temperature of the paral- 
lels. In particular, I cannot but think that the temperature corresponding to 60° 
N. latitude will be found to be too high. It is quite impossible to express, by 


‘any ordinary continuous law, the gradation given in M. Dove’s table for the 
neighbourhood of the 60th parallel, taken in connection with higher and lower 


latitudes. Nor is there any peculiarity in the distribution of land and water which 
seems likely to account for this, unless it be the sudden closure of the Pacific | 
Ocean a little beyond that latitude, where the Asiatic and American continents so — 
nearly touch. The apparent anomaly may indeed be entirely owing to a defi- 
ciency in our information as to the temperature of the atmosphere over the 
oceanic portions of the globe, which in those latitudes is peculiarly liable to be 
affected by powerful currents of hot and cold water, as has been already stated. 
47. To the presence of these currents must also be ascribed the fact, that 
the “ Thermic Anomaly” does not anywhere vanish (as it is assumed to do ) some- 
where near the 45th degree), and that, consequently, about the parallels of 40° 


and 50’, we find in a few places of the globe mean temperatures higher or lower 


than those indicated in the two last columns of Table III., as corresponding to the 
extreme statical conditions of an entire predominance of land or water. In 
higher or lower latitudes the ‘‘Thermic Anomaly” will be found to be between — 
the limits indicated by those two columns, the oceanic limit being, however, 


“ Up to 40° south latitude the temperature of the southern hemisphere is lower than that of the 
nor “harn’ this may not be the case in higher latitudes,” Dove,—The Distribution of Heat, &c., p. 15. . 


| 
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always the predominating one, as, from the mobility of its parts, might be anti- 
cipated. 

48. 1 shall not, I hope, be thought to push the application of the formula too 
far, if I suggest an explanation of the excess of 2°°8 Fahr., which it gives for the 
parallel of 75° as in Table III. I might urge that our knowledge of the isother- 
_ mal lines in that extreme latitude is so limited, as to leave a wide margin of — 
uncertainty in the determination of the mean temperature. This is no doubt 
- quite true. But I attribute to another and a manifest physical cause this ap- 
parent anomaly. The amount of the third term of our Formula (par. 33), de- 
pends on the measure of the land, and it is of course here subtractive. Butin 
the 75th parallel, though I have estimated the amount of land on the parallel at 
only 28°6 per cent. of the entire circumference (see Table II., and Plate II], 
fig. 1), or a diminution of no less than 20 per cent. from lat. 70°, we know how _ 
far this is from representing truthfully or practically the physical condition of 
those Arctic wastes. For all the year, except a very few weeks, it is not too 
much to say, that three-fourths of the ocean of lat. 75° is encased in solid ice, 
having the same physical characters superiicially (and therefore affecting the 
climate) in the same manner as the adjacent snow-clad land. We must there-— 
fore practically regard the land as forming far more than its due share of the 
earth’s surface in those regions, since the water has lost its convective and 
equalizing qualities in relation to temperature. Now, we shall find that if we — 
increase the coefficient of the third or land term of the formuia from 0:29 to 0°38 
(which seems a very’ moderate expression of the conditions referred to), the 
excess of calculation in Table III. for lat. 75° wholly disappears.* 1 believe,. 
indeed, that it ought to be still farther corrected in the same. direction, which 


would justify us in giving to the pole of a water sphere a temperature slightly 


higher than + 12.°5, and thus diminishing the negative errors of the formula 
for lat. 60°—65°, while in lat. 70° the balance would be restored by the sensible 
effect of the frozen sea. With these suggestions, however, I leave my formula as 
it at present stands to await farther researches. 


* Among other tests to which I have my I have calculated what sate to be 
‘the magnitude of the coefficient L’ in the third term of the formula, so that it might in each 
parallel represent the numbers of Dove (Table I.), supposing the other constants of the formula to 
be exact. 


‘PirLocn RY, September 1858. 
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Postscript. 


I have great pleasure in here acknowledging the active assistance which I have 
derived from Mr BALFrour STEWaART’s great aptitude for calculation in the numer- 
ous and irksome eliminations which my inquiries rendered necessary, and of 


which only a portion are recorded in this paper. 


As an appendix to this memoir I add an Index, which I have constructed with 
no small personal labour, and with every attention to accuracy, of the numerous 


_ stations from whence M. Dove has collected the monthly means of thermoietri- 


cal observations, often for a long series of years. These are contained in his well- 
known “ Hive Memoirs on Terrestrial Temperature” in the Berlin Transactions. 
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Index to Places mentioned in M. Dove's Five Memoirs “ On the Non- Periodic 
Variations of Temperature on the Earth’s Surface.” 


The Roman Numerals refer to the Number of the Memoir, the Arabic Numerals to the pages of 
the “ Berlin Transactions” where the Temperatures are to ce found. 


N. B. —The Fifth Memoir was published apart under the title of “ Witterungs-geschichte des 
letzten Jahrzehnts, 1640-00. 


ABBREVIATIONS. 
N. A. stands for North America. S. A. stands for South America. 
E.I. ,,  ,, Hast Indies. West Indies. 


The mark * is prefixed to some of the Stations remarkable for the continuity of the Observations, 


TABLE OF REFERENCE-LISTS OF STATIONS IN M. DOVE’S FIVE MEMOIRS. © 
7. _[Synonymes of American Stations. ie 


i. 8. Miscellaneous. v. 

ii. 358. Do. Arctic. oe, 68, 55. Arctic N. America. 

ii. 361, Bohemia. +. 56,57. W. Indies, S. America. 
ii. 362. Wirtemburg. v. 59. Russia. 
li, 372. Great Britain. v. 79. Germany, &c. 

li. 381. Germany. v. 96. Prussia, ‘Germany. 

iii. 7. Miscellaneous (Europe). v. 130. France. 

ili. 97. Miscellaneous, Barope and Amerite. v. 137. Belgium. 

iv, 27. Europe. v. 138. Switzerland. 

iv. 104. E. Indies, China. | v. 142. Italy. 

iv. 116. §. America, Africa. v. 160, Britain. 

iv. 122. Australia. v. 

iv. 130. N. America. 163, 

iv. 185. Britain. v. 167- Mediterranean, Africa, 
iv. 146. Germany, France. | v. 170. Polynesia. 

iv. 152, Russia, lorway, &c. v. 240. Miscellaneous. 

iv. 156. &e. v. 245. Russia. 

INDEX. 

Aachen, v. 99. bany area .), iv. 120 Almora (E, I.), v. 160. 
Abbey St Bathans, ii. 374. Albion Alor Gajah (E. I yi iv. 96. 
Aberdeen, ii. 374. Albion Mines bw. A ‘ v. 54. Alost, iii. 85. 
Abo, iv. 8. Alderley Rectory, ii. 378. Altenberg, ii. 383. 
Ackworth, iii. 9. Aleppo, v. 168. Altona, ii. "383. 


Adelaide (Austr .), iv. 120. 
164. 
gra (E. v. 160. 
Aitath (As Mt ?) iv. 157. 
Aix-la-Chapelle, v. 99. 
Ajansk, v. 62. 
ayab (E. I.), v. 160. 
Albany (N. A.), ii. 336, iii. 40, 
iv. 86, v. 30. 


(Afr. ), iv. 155. 


Alexandria, v. 169. 
Alexandropol, v. 62. 
— ii, 374, iii. 83, 


habad (E. I.), v. 160. 
Alleghany (N. A.), v. 38. 
Alleghany Ars. (N. A.), v. 12, 
— (or Alistedt), iv. 136, v. 


Ambala (E. I.), iv. 96. 
Amberg, ii. 383. 

Amenia (N. A.), v. 31. 

Amherst (N. A.), iv. 123. 
Amlishagen, iii. 182, iv. 94, v. 90. 
Amsterdam, iv. 8. 

Anahuac (N. A.), v. 43. 
Anatomical (?) Garden* (Perth- 
shire), iv. 131. 


* TI have been ‘esiie to verify the reference to “ Loudon’s Magazine of Natural History” for this entry. 
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Ancaster, iil. 19. 

Andover, tii. 10. 

Angarakandy (E. 1.), iv. 96. 

Ankober (Afr.), v. 169. 

Ansbach, v. 112. 

Antigua, iv. 107. 

Antisana (S. A.), v. 57. 

Aosta, v. 142. 

Apenrade, ii. 385. 

Applegarth Manse, i. 39, ii. 68, 
iv. 131, v. 144. 

Apalich, v. 62. 

Archangel, iii. 19, iii. 11, iv. 9. 

Arensherg, v. 112. 

Arnhem, iii. 10. 

*Arnsberg, v. 241. 

Arnstadt, v. 112. 

Arolsen, 1i. 383. 

Arys, v. 99. 

Aschersleben, v. 113. 

Ascension, iv. 197. 
Ase haffenburg, i il. 384, il. 83. 

Ashfield, iv. 131. 

Assistance Bay (N. A.), v. 4. 

. Astrachan, iii. 85, iv. 148, v. 245. 

Atleboro’ (N, A), v. 44. 

Athens, v. 168. 

Auburn (N. A.), i. 
iv. 86, v. 31. 

Auckland (Austr. ), iv. 120. 

Augsburg, 1. 16. 

Augusta (N. A.), ii. 350-3, lil. 
77, iv. 123, v. 13. 

Ava (E. ].), iv. 96. 

~ Axiask, v. 248. 

Ayle shury, v. 145. 

Azimghur (E. I.), v. 160. 


$36, iii. 71, 


Badulla (E. [.), iv. 96. 

Baireuth, 1. 16. 

Baitool (E. I.), v. 160. 

Baku, v. 62. 

Balasore (E. I.), v. 160. 

Balize (Honduras), i iv. 108. 

Ballenstedt, v. 902. 

Baltimore, iii. 85. 

Baltishport, v. 246. 

Bancoora (E. I.), iv. 97, v. 160. 

Banda (E. I.), v. 160. 

Bungalore (E. I.), iv. 97. 

Bangkok (E. I.), v. 164. 

Barbadoes, iv. 108. 

Barcelona, iv. 154: 

Bareilly (BE. I.), iv. 97, v. 160. 

Barnaul, iii. 86, iv. 148, v. 62, 
v. 247-8, 

Barrackpore (E. I.), v. 160. 

Basel (Basle), i. 17, ili. 64, iv. 156, 
v. 159. 

Basseterre, (Guadaloupe) CW. 
v. ob. 

Bastogne, v. 137. 

Batavia (EK. I.), iv. 97, v. 164, 

Bath, ii. 12. 
Baton Rouge (N.A.), ii. 353, v. 13. 


Bauliah (E. I.), v. 160. 

Beaver (N. A.), v. 38. 

Beawur (E. I.), v. 160. 

Beckington, v. 145. 

Bedford (Eng.), 1. 16, v. 145. 

Bedford (N. A.), v. 38. 

Beerbhoon (E. I.), v. 160. 

Beirut, iv. 156, iv. 157. 

Beiersberg, iv. 136. 

Belfast, iv. 132. 

Bellefonte (N. A.), v. 38. 

Bellona Ars. (N. A.), v. 13. 

Beloit College (N. A.), v. 44. 

Benares (E. I.), iv. 97, v. 160. 

Benedictbaiern, iv. 136. 

Bensberg, v. 114. 

Bergen, iii. 86. 

*Berlin, i. 17, iii. 64, iv. 136, 

Bermudas, iv. 108. 

Bern, ii. 384, v. 139. 

Bevers, v. 140. 

Bhaugulpore v. 160. 


| Biberach, ii. 368. 


Biddefort (N. A.), v. 44. 
Bijapoor (EK. I.), v. 164. 
Bijnore (KE. I.), v. 160. 
Bissingen, iii. 82, iv. 94, v. 90. 
Bistritz (New), i. "21. 
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VIIL.—Memoir on the Spermogones and Pycnides of Filamentous, Fruticulose, and — 
Foliaceous Lichens. By W. LAUDER Liypsay, M.D., F.L.S. Communicated 
by Professor BALFour. 


(Read 7th March 1859.) 


Preface. 


The following Memoir contains the results of researches made during the last 
three years. My investigations were originally directed to British lichens only, 
but they have subsequently and gradually embraced lichens from all parts of the 
world. The majority of Scotch species examined were collected by myself while 
~ on botanical tours in various parts of Scotland during the last ten years. Low- 
Jand species were collected chiefly in the counties of Perth, Edinburgh, and Dum- 
fries; but also in Forfar, Fife, and others of the midland counties. In order to study 
alpine species I made a special tour among the highest of our Scotch mountains in 
the summer of 1856. I then visited the Braemar Highlands, Ben Lawers, Ben 
Nevis, and the Coollin Hills, in Skye. Ihave likewise studied the lichens of Don, 
now in the possession of Mr M‘N az, of the Royal Botanic Garden, Edinburgh ; the 
lichens collected by Maucuan, M‘MILLay, and others, in the Herbarium of the Bo- 
tanical Society of Edinburgh ; those collected by the late ALEXANDER MENZIES, in © 
the Menziesian Herbarium belonging to the Botanic Garden of Edinburgh ; those 
collected by Borrer, Hooker, CarmicHAEL, GARDINER, and others, in the magni- 
ficent Hookerian Herbarium at Kew ; and I have also examined the valuable her- 
barium of the University of Edinburgh, under the care of Professor BaLFrour, and 
the herbarium of Dr Grevitte. The examination of specimens in the herbaria of _ 
Hooker, Menzi£s, and Don, has been especially valuable, in so far as they contain 
species authenticated by the earlier British lichenologists,—lichenologists to whom 
I'am proud to have an opportunity of expressing my deep obligations. I am fur- 
_ther indebted for interesting specimens of Scottish lichens—now in my own her- 
varium—to Mr James Harpy, of Penmanshiel, in Berwickshire,—to Mr ALEx- 
ANDER Croat, of Montrose, and to Professor GEoRGE Lawson, of Kingston, Canada 
_ West. The two latter gentlemen supplied me with many alpine species, chiefly 
from Clova and the Forfarshire hills. For English species I am indebted to the 
kindness of the Rev. W. A. LEIGHTON, of Shrewsbury, who has repeatedly sent me 
lichens from Shropshire, and Wales, more especially; to Mr Witt1am Mupp, of 
Cleveland, Yorkshire; to Dr Carrincron, of Yeadon, near Leeds; and to Dr 
Duicuton, of Clapham, near Lancaster, all of whom have frequently sent in- 
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teresting Yorkshire lichens; and to Dr Barctay Montcomery, of Penzance, 
Cornwall, for specimens from the extreme south of England. I have also care- 
fully examined all the specimens (260 in number) contained in the first eight — 
fasciculi of the Rev. W. A. Letcuton’s Lichenes Britannici exsiccati. In addi- 
tion to which, the Hookerian Herbarium—in studying whose valuable con- 
tents I spent a month during last summer—contains a large series of English 
specimens, collected by Borrer, TURNER, LEATHES, Hooker, and others. In 
regard to Jrish species I have had an opportunity of examining the greater part 
of the lichens described by TayLor in Mackay’s Flora Hibernica, as they are con- 
tained in the Herbaria of Dr Mackay of Dublin, Mr Davin Moorr of Glasnevin, 
Dublin, and Mr Isaac Carrot of Cork. For a loan of the herbarium of lichens 
first named (TayLor’s) I am indebted to the kindness of Professor HARVEY of 
Dublin, who also procured for me a loan of the collection of lichens made by Mr 
Davip Moore, while attached to the Geological Survey of Ireland. They are 
chiefly from Antrim and other northern counties of Ireland, and now belong to 
the Museum of Irish Industry, Dublin. Mr Carrout of Cork has repeatedly sent 
me large collections of lichens made by himself in the south of Ireland ; and Pro- 
fessor Dicktr of Belfast has sent me specimens from the north of Ireland. All 
the Irish collections sent to me have been most interesting, as containing both 
new forms and new species not hitherto described, or erroneously described and 
classified. 

In regard to foreign specimens, my obligations are chiefly due to the Hookerian 
Herbarium at Kew, which in ‘some respects contains the finest collection of 
lichens in the world; while in other respects it is second only to that of the . 
Jardin des Plantes, Paris. In that herbarium I availed myself of the opportunity 
of examining specimens from all parts of the world—from the arctic regions, 
collected by Ross, BEECHER, Parry, LYALL; from the antarctic regions, collected 
by Dr Hooker ; from the arctic parts of North America, collected by RicHaRpson, 
Scounar, and Menzigs ; from the United States, by TuckERMAN, Lea, and others ; 
from Mexico, by lanpEN and GALEeort1; from Peru, by Humpoxpt ; from Brazil, 
by GARDNER; from India, by Drs Hooker and Tuomas THomson, and Messrs 
StracHey and WinTERBoTTOM ; from China, by Fortune; from the Philippine 
Islands, by Cumine ; from Java, by Micuen ; from Australia and Tasmania, by 
Dr Hooker, Gunn, and others; from New Zealand, by CoLenso; from every 
part of the world, indeed, to which botanical travellers have penetrated. In the 
- summer of 1857 I went to Norway, for the purpose of studying in situ alpine 
lichens, spending several weeks amid the wilds of Sneehiitten and the other alps: 
of the Dovrefjeld range of mountains. I have carefully studied all the specimens 
(650 in number) contained in the twenty-six fasciculi of Scu#rer’s Lichenes 
Helvetici exsiccatt, and also 478 specimens in the first eight fasciculi of Hepr’s 
Die Flechten Europas, which is a continuation of Scu2reEr’s work just men- 
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tioned. French species I have studied in NYLANpDER’s Herbarium Lichenum 
Parisiensium (Fasc. 1-3, 150 specimens. Paris, 1855). I have also to thank 
Dr Hooker for a valuable suite of his antarctic gatherings during the survey- 
ing voyage of the “Erebus and Terror,” embracing specimens from the Falk- 


land Islands, Auckland Islands, Cape Horn, and New Zealand; Dr A. O. Broprr — | 


for specimens from North America, and Mr Deieuton for specimens from Cali- 
fornia. Most of the lichens above enumerated included separate fragments or 
duplicates ; so that in all I must have submitted to careful microscopical examin- 
ation—as the basis of the following memoir—many thousand specimens, from 
every variety of clime, country, ard habitat, and in every conceivable state or 
form. The number of species or specimens cannot be estimated by the number 
enumerated in the body of the Memoir ; the later only shows the specimens in 
which spermogones were distinctly found by me, and furnishes no indication of 
the far larger number examined with equal care, and at the expense of similar 
time and labour, in which negative results were obtained. 

Hitherto, so far as I am aware, no researches have been made, or at least 
published, in this country with a view to expound the minute anatomy and 
physiology of the spermogones of lichens, if we except a couple of papers pub- 
lished by myself in the Quarterly Journal of Microscopical Science.* Nor dol | 
know of any monograph in any language or in any country devoted to this sub- 
_ ject. Much has certainly been done by Tutasne,t in his elaborate and valuable 
“Memoir on the Natural History of the Lichens,”—a memoir to which I owe many 
and deep obligations. To him I conceive we are indebted for having placed 
spermogonology on a scientific basis, and by so doing for having raised the iichens, 
in regard to their anatomy and physiology, at least to équal rank with other 
cryptogamic families. To a German,t moreover (ITziGsoHN), is due the credit 
of the discovery of the existence of spermogones in lichens, or at least of an ap- 
proximation to the first scientific appreciation of their character and functions. 
Though my own researches were commenced several years ago, I have not hitherto 
ventured to lay them before the public for a variety of reasons. One of the chief 
of these was my anxiety to correct or confirm my earlier investigations by more 
extended observation, especially among foreign specimens of British species; and . 
this I have not had a satisfactory opportunity of doing until last summer at Kew. 

J lay them now before the Royal Society of Edinburgh, not as claiming to consti- 
#1, Monograph of the Genus Abrothallus. (De Not. and Tul., emend.) Read before 

Section D. of the meeting of the British Association at Cheltenham in August 1856 —Quarterly 
Journal of Microscopical Science. January 1857. | 

2. On the Structure of Lecidea lugubris, Sommfr. Ibid. July 1857. 

+ Mémoire pour servir 4 l’Histoire Organographique et Physiologique.des Lichens. Par M. L. 
R. Tulasne, aide-Naturaliste au Museum d’ Histoire Naturelle, &c.—A nnales des Sciences Naturelles, 


serie, ‘Botanique, vol, xvii., 1852. 


t Dr Hermann Irzicgsoun, whose researches may be found in “the Botanische Stitung for 
1850-51, et seq. 
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tute a perfect monograph, but simply and humliy as a contribution to a subject 
hitherto unelucidated in this country. I believe, however, this memoir will be 
found to contain first descriptions of no inconsiderable number of the spermogones 
and pycnides of lichens, both British and foreign, as well as many additional in- 
stances of lichens possessing two or three forms of reproductive bodies; or, in 
other words, pycnides as well as spermogones and apothecia. Some of the sper- 
mogones and pycnides, which I believed I had discovered and described for 
the first time, have subsequently been alluded to in the recent publications of 
Dr Nytanper of Paris,*—publications which are certainly the most valuable 
contributions made of late years to lichenology,—that most difficult of all 
departments of cryptogamic botany. But these organs are seldom fully described 
by NytanpEr, and hence I have every reason to believe that, in these cases 
also, the first full daca of their structure will be found i in the os 
Memoir. 

Spermogonological investigations are surrounded by many and serious diffi. 
culties ; and it is perhaps but justice to those botanists who have hitherto avoided 
the study of the reproductive organs of lichens here to state what some of these 
difficulties or obstacles are. Prior to the introduction of the microscope bodies 
so minute as spermogones and spermatia could not possibly have been properly 
studied. But even at the present day, when’ microscopes abound, it is to be 
feared that few of our best lichenologists are well versed in histology and the use 
of the microscope. It can scarcely be denied, further, that many botanists have 
been too much mere classificators or name-givers: they have devoted attention 
too exclusively to the discrimination of species and varieties, to the neglect of 
minute anatomy and physiology, as studied by the aid of microscopy and che- 
mistry. Continental botanists are infinitely before us in the latter respect : we can 
show little or nothing in botanical microscopy comparable with the productions 
of the French school of ‘observers, as published in the “ Annales des Sciences 
Naturelles,” or to those of the German school, as given in the “ Botanische 
Zeitung.’ But the possession of a good microscope, facility in microscopical 
manipulation, and a familiarity with the general principles or facts of physio- 
logical botany, are not the only requisites or qualifications for investigations in_ 
spermogonology. The observer must be possessed of unwearied patience and - 
perseverance : he must expect to meet, and he must bring to his task a determi- 
nation to surmount and conquer, endless difficulties and disappointments. I have 
now examined carefully, under the microscope, as I have already stated, many — 


* 1, Synopsis Methodica Lichenum omnium hucusque cognitorum. Paris, 1858. | 


2, Enumeration Générale des Lichens, avec Vindication sommaire de leur Distribution Géo- | 
graphique. Cherbourg, 1858. | | 


8. Monographia Calicieorum. 1857. 
4, Prodromus Lichenographiz Gallia et Algerie, Bourdeaux, 1857. 
5. Essai d’une Nouvelle Classification des Lichens. Cherbourg, 1854. 
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thousand specimens of lichens from every part of the known world, and in a large 
proportion of cases, with negative or unsatisfactory results. 1 have frequently 
examined most anxiously several hundred specimens of a particular genus or 
species,—for instance, Peliigera and Siphula,—without once having the good 
fortune to meet with its spermogones or pycnides. But, on the other hand, in 
the midst of disappointments of this nature, I have been rewarded occasionally 
by the discovery of spermogones or pycnides hitherto unobserved and undescribed. 
It were desirable, further, that the observer should possess an almost unlimited 
leisure. The time consumed in manipulations so delicate,—researches so intricate, 
—is incredibly great. KorrBer candidly speaks of leaving such investigations to 
those “die bei grosserer Musse solche subtile Studien verfolgen konnen.”* It 
frequently happens that even a small portion of tree-bark or rock contains several 
lichens belonging to the families of the Graphidee, Verrucarie, and Lecidea. 
Intermixed with the apothecia of these lichens, and with each other, may be a 
variety of spermogones and pycnides. _ The spermogones and pycnides may 
closely resemble each other in external character, or they may differ consider- 
ably. In either case it is often most difficult, if not impossible, at the present 
_ stage of our knowledge on the subject, to determine to what species of lichen 

each kind, of spermogone or pycnide is to be referred. ‘This is more especially 
the case when the organs in question are very minute, black, and cone-like, as in. 
the old genus, erroneously so constituted,—Pyrenothea, which is now found to 
consist almost entirely of the spermogones of other lichens. Such spermogones. 

and pycnides are frequently indistinguishable from certain Verrucaria, parasitic — 
- fungi, and even parasitic lichens; and the only means of deciding as to their real 
nature is by microscopical examination. Again, the spermogones of some lichens, 
as Ricasolia herbacea and R. glomulifera, and the pycnides of others, as Peltigera, 
so closely resemble in external appearance the nascent apothecia of the same 
species as to be indistinguishable therefrom without the aid of the microscope. 
Asageneral rule, the parasitic Spherie, with which the spermogones and pycnides— 
of lichens are apt to be confounded, are very superficial, removable by the least 
touch from the surface on which they grow—have a black colour, possess an 
envelope or. capsule formed of hexagonal or roundish cells in a state of close aggre- 
gation, and of a dark brown colour, and contain minute, abun dant, brownish, 
simple or 1-septate spores. Sometimes spermogones and pycnides occur aloe, 
unassociated with the apothecia of any species; and it is in such a case, unless 
in rare instances, equally impossible to say to what lichens they are referable or 
belong. It is therefore possible, nay perhaps probable, that some of the sper- 
mogones and pycnides which I have referred to particular lichens, may be hereafter 
found, when my researches have been repeated and extended, really to belong not 
to these, but to other species. And it may also be discovered to what lichens 


* Systema Lichenum Germaniz, von Dr G. W. Korrzer. Breslau, 1855, p. 152. 
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rightly to refer those spermogones and pycnides which I did not find associated 
with apothecia. This, however, can only be done by examining a larger number 
of specimens from different habitats and countries than I have been able to collect. 
or had leisure to study. I offer the present results of my studies merely asa preli- — 


ininary contribution to lichenological literature, and all that I can venturetohope —_ 


is, that they may be found useful as a basis for the investigations of those who 
follow me with ampler means and opportunities of research. It sometimes happens 


that different specimens of the same lichen from different habitats or countries — 


appear to possess several sorts of spermogones and pycnides; or, associated with 


_a particular species, may be found a considerable variety of these organs. Proba- 
_bly, in the majority of cases, such spermogones and pycnides are really referable 


to different lichens, and not to the single species to which they apparently belong. 
But I think there is strong ground for believing that some of the lower lichens are 
possessed of several forms of reproductive bodies and organs, just as certain of | 
the lower fungi are; at least I have repeatedly met with phenomena which are. 
inexplicable on any other supposition. We now know that the genus Erysiphe, 
belonging to the fungi, has no less than five forms of reproductive bodies or organs ; 
and Ihave met with many lichens which possess either simply, both spermogones 
and pycnides, 1 in addition to apothecia, that is, three different forms of reproduc- 


tive organs, or two or more different forms of spermogones or of pycnides as the 


case may be. Hitherto it has been customary to refer all such secondary forms 
of reproductive organs in lichens, when they were observed at all, to parasitic 
fungi. But this arose from ignorance of the fact that lichens possess other repro- 
ductive organs than apothecia. In investigations on the border ground between 
the lichens and the fungi, there are at present almost insurmountable difficulties. 


- Many of the organisms which we at present regard as the pycnides of lichens 
may, in the course of subsequent researches, prove to be, or to belong to, fungi; 


while, on the other hand, the corresponding organs of certain fungi, or certain 
fungi themselves, may prove to be really the accessory reproductive organs of 
lichens. The boundary line between the lichens and the fungi is for ever shift- 
ing; and it is perhaps at present impossible to fix or determine it. Mycologists 
and lichenologists alike have given it up asa hopeless task. The old distinc- 
tionas to the habitat,—lichens being supposed to grow always on diving, and 
fungi on dead tissues—is utterly absurd. Until lately, it was thought that che- 


-mistry had furnished a means of distinguishing these two important cryptogamic 


families in the presence or absence of starchy matter in the hymenial and other 


tissues, which in lichens, as a general rule, strike a blue colour with iodine, while 


in fungi they do not. But Mr Freperick Currey has pointed out that this reac- 


_ tion frequently occurs also in undoubted fungi. Between the higher fungi and 


the higher lichens the distinction is obvious enough; but between the lower 
groups of each family the CRIS gradually becomes mapeenyeae, until it is 
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lost. How closely, frequently, do Spheriew resemble Verrucarie, and the spermo- 
gones and pycnides of lichens those of the fungi? So intimate is the alliance 
between the fungi and lichens, that Berke.ry,* in his Cryptogamic Botany, makes 
his division “ Jfycetales,” to include the “ Lichenales” and “ Fungales”’ Many 
spermogones, it now appears, have been described by the older lichenologists as 
independent species of lichens: FRIES’ genus Pyrenothea, and WALLRoTH'sS 
Thrombium, are chiefly made up of spermogones which belong to various Lecidee, 
Graphidee, and Verrucarie. Some of these may hereafter be found really to belong 
to the fungi. Several genera or species of fungi have shared a similar fate, as a 
consequence of the progress of microscopical mycology, having been found to con- 
stitute mere secondary or tertiary forms of fruit of more familiar species ; such 
fungi are Sclerotium, Cytispora, Melasmia, Phyllosticta, Polystigma, Phoma, partly, 
and many others, according to TuLAsNr, who is equally distinguished as a myco- 
logist and lichenologist. It were specially desirable that he who studies the 
spermogones and pycnides of lichens should be a mycologist, as well as a licheno- 
logist ; in no other way can he properly interpret and appreciate what he observes. — 
-I believe that he only can be a philosophical lichenologist who is comparatively 
well acquainted with the anatomy and affinities of the fungi and alge: while it is 
equally necessary that the mycologist and algologist should possess a competent | 
knowledge of the structure and physiology of the lichens. Indeed, it has perhaps 
been from a too exclusive study of particular tribes of plants, and a desire to fill 
their ranks at the expense of their allies or neighbours, that much confusion has 
been introduced into classification and nomenclature, and much ignorance has 
prevailed as to the true position of lichens in the scale of vegetable life. Mono-:— 
graphers, it is to be feared, work too much in their own favourite fields to arrive © 
at or deduce broad, philosophical, or scientific conclusions or general laws; speci- 
alists are apt to take up one-sided, and hence erroneous views. Nor must the 
student of spermogonology confine himself to the lichens of one country or clime. 
and’still less to herbaria of dried specimens. I have sometimes succeeded in 
finding, in foreign specimens of a lichen, spermogones which were absent in all 
the British, or even. European, specimens examined by me: for instance, in 
Nephromium tomentosum. Another advantage of the study of foreign species is, 
that it will serve to exhibit the constancy with which spermogones or pycnides of 
_ a particular character occur in the majority of lichens, as well as the constant. 
relation as to site which they bear to the apothecia. _ : 
Frequent disappointments must have been experienced by all who have 


_. Sought for the spermogones of lichens, in so far as they may fail to find them 


oftener than they succeed. This arises, in many cases, undoubtedly from igno- 
rance of the relative periods of development of the spermogones and apothecia. 


ee Introduction to Cryptogamic Botany. By the Rev. M. J. Berxerey, M.A., F.LS. London, 
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The spermogones must be looked for and examined at a particular stage of their 
development; otherwise our results cannot fail to be unsatisfactory. They may 
be too young, and the spermatia are undeveloped ; or too old, and the spermatia 
have all escaped ;—the sterigmata may have become sterile and hypertrophied, 
filling up the cavity of the spermogone ; or the body of the organ may have fallen 
_out, nothing being left save a large irregular. cavity. Observers are probably too 
much in the habit of examining only fruited specimens of lichens—thalli-bearing 
apothecia—in their search for spermogones. But two circumstances must be borne 
in mind,—/irstly, That in development, the spermogones normally precede the 
apothecia; and that, consequently, the former may have disappeared, or have 
become old and degenerate, by the time the latter have arrived at maturity ; 
and secondly, That:spermogones are frequently most abundant, or are only found 
on thalli, or portions of thalli, bearing no apothecia. The only safe rule for the 
student, therefore, is to examine specimens 7m: every state, however unpromising, 
whether fertile or sterile, old or young; and he should never feel secure in re-— 
garding a particular conceptacle as a spermogone or pycnide, unless he see dis- 
_tinetly abundance of free spermatia or stylospores. This procedure implies, of 
course, an immense amount of fruitless labour. I have myself acted on this 
principle, and followed out this plan; and I regret that I cannot yet indicate to 
the student any more “ royal road” to a knowledge of the secondary reproduc- 
tive organs of the lichens. He must advance himself slowly and gradually, by 
sheer plodding industry, and perseverance unconquerable: he must labour — 
patiently for months, aye years, before he sees even dawnings of the interesting 
and important results, which it may be‘his good fortune subsequently to achieve. . 
Considerable discussion has occurred regarding the spelling and use of the 
words, ‘‘spermogone” and “ spermatogone.” The former word is that originally intro- 
duced by TuLasne to designate the conceptacle containing the linear corpuscles, — 
which he calls spermutia. ' The latter is used by the Rev. M. J. BerKELEY in his 
Introduction to Cryptogamic Botany,” on the ground that it is etymologically 
more correct. 1 confess to a natural repugnance unnecessarily to render even 
scientific terms pedantic and repulsive; and my desire in this case to retain the 
simpler of the two words in question is supported by the opinion of the present 
Professor of Greek in the University of Edinburgh. In a letter to me (of date 
15th April 1858), Professor Blackie remarks, “ There is not the slightest necessity 
for your altering spermogone, which has the advantage of being shorter. The 
analogy of the well-known Greek word oz:guodéyos, which you will find in the New 
Testament (Acts xvii. 18), and other compounds in the commonest dictionaries, 
are quite sufficient to defend the shorter form.” I will therefore, throughout 
this memoir, make use of the word “ spermogone” instead of ‘“ spermatogone.” 
For the sake of uniformity of arrangement, but by no means as implying my 
concurrence in his classification and nomenclature, I have adopted, in the follow- 
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ing memoir, the names of genera and species used by Dr NyLanper, in what are 
both the most recent, and at the same time most accurate and philosophical, con- 
tinental works in lichenology.* Ido this the more readily, inasmuch as I have 
not yet elaborated the classification and nomenclature I mean to follow in my 
forthcoming “ Synopsis of the British Lichens.”—(Brappury and Evans, London.) 
For usefulness of reference to the reader, I beg to append a vidimus of NyLan- 
pERr’s arrangement,} so far as it contains genera and species, whose spermogones 
and pycnides are described in the following Memoir. The genera and families, 
however, will not be found arranged in the order laid down by NyLaNpER. [have 
begun with the higher lichens; and I have been guided in the arrangement or 
sequence of the families and genera more by the similarity of their spermogones, 
than by general anatomical affinities. It is obviously, however, a matter of no 
moment how the families and genera follow each other, or are arranged. The 
point of real importance is, that the spermogones in each ssi genus, and 
species, be fully and distinctly described. 


Series I, Epiconiodei, 


Series II. Cladoniodei, . 


‘Series III. Ramalodei, . 


I. Collemacei. 


Tribe 1, Lichinet, 


Tribe 2. Collemei, . 


Tribe 1. Myriangei, 


| 1. Caliciei, 


| 


Tribe 3. Baomycei, 
Tribe 4. Cladonei, . 


Tribe 3. 
Tribe 6, Roccellei, 


Tribe 7. 


Faminy III. Lichenacei. 


Famity I]. Myriangiacei. 


Genera, 
Ephebe, Fr. 
Lichina, Ag. 


Synalissa, DR. 
Omphalaria, DR. 
Collema, Ach. 
Leptogium, Fr. 
Obryzum, Wallr. 


Myriangium, Mont. and Berk, 


Sphinctrina, Fr. 
Calicium, Ach. 
Coniocybe, Ach. 
Trachylia, Fr. 


Spherophoron, Pers. 


Acroscyphus, Lév. 
Bzomyces, Pers. 
Cladonia, Hoffm. 


Stereocaulon, Schreb. 


Roccella, Bauh. 


Siphula, Fr. 
Thamnolia, Ach. 


Synopsis Methodica Lichenum,” and his “ Enumeration des Lichens,’’ both 


published in 1858. 


As given in his “ Synopsis,” 65. 
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Famiry III. Lichenacei—continued, Genera. 
| Usnea, Hoffm. 
Tribe 8. Usneei, Neuropogon, N, and Flot. 
Chlorea, Nyl. 


Alectoria, Ach. 
Series III. Ramalodei, . Evernia, Ach. 

continued | Tribe 9. Ramalinei, . . Dufourea, Ach. 

| Dactylina, 

Ramalina, Ach. 


Cetraria, Ach. 


| Tribe 10. Cetrariet, Platysma, Hoffm. 


| Nephromium, Nyl. 
Peltigera, Hoffm, 
Solorina, Ach. 


(Tribe 11. Peltigerei, 


Sticta, Ach. 
Ricasolia, DN. 
Parmelia, Ach. 
Physcia, Fr. 


_ Series IV. Phyllodei, . . | Tribe 12, Parmeliei, . 


| Nephroma, Ach. 


Tribe 13. Gyrophorei, _ Umbilicaria, Hoffm. 


\ Tribe 14, Pyzinei,. . . Pyxine, Fr. 


( { Psoroma, Fr. 
| : | Pannaria, Del. 
Series Placodei, | Tribe 15. Lecanorei, pro parte, 
| Squamaria, DC. 
Placodium, DC., 


_ The part of NyLANDER’s table given above, refers to the ‘nina fruticu- 
lose, and foliaceous lichens,—those whose spermogones are described in this 
memoir. The other half relates to crustaceous lichens, which include the Leca- 
noret, Lecidinei, Graphidei, and Pyrenocarpet (or Verrucarie). 

In the researches on which the following memoir is based, I was in the 
habit of using the magnifying power 380 of a Nacuet's microscope (“ petit 
modéle”), made in 1851, and a micrometer eye-piece made by JAMES Bryson, 
Edinburgh. 

In giving measurements yee the French, as I do in a few cases in describ- 
ing spermogones or their contents, which have been observed by NYLANDER or 
TULASNE, but not by myself, I have calculated the French millimetre as equal to 
th of an English inch. The usual calculation hitherto has been th; but I 
believe ;th to be more correct, and to be, therefore, gradually coming into more 

general use both in France and in this country. | 
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- As asort of key to the following memoir, I beg to subjoin a 


Summary of the general characters of Spermogones* and Pycnides,t and their respective 
contained corpuscles, Spermatia} and Stylospores.§ 


I. SpPERMOGONEs. 


I. External Form.—They are generally more or re oval or spherical bodies; _ 
sometimes wholly immersed in the substance of the thallus; more frequently 
partly immersed and partly projecting on the surface of the cortical layer: in 
some cases, naked and sessile, seated on the surface of the horizontal thallus, or 
forming the terminations of the ramuscles in the erect fruticulose one. The 
immersed and semi-immersed spermogones are plunged in the substance of the 

medullary tissue of the thallus, and they are usually partly aree by the cortical 
_ layer, and partly encircled by the gonidic layer. 

Spermogones appear on the surface of the thallus, as :-— | 

1. Punctiform bodies—In which case they are wholly immersed, the apex 
~ alone being visible on the thalline surface ; ; in many Parmelias, in Evernia, Roc- 
cella, Dufourea, and Chlorea. 

2. Conoid or Papilleform bodies—In which case they are semi-immerscd ; in 
many Physcias, Umbilicarias, Parmelias, Placodiums, Squamarias, and Pannarias. 

3. Mammilleform bodies—In which case they are sometimes seated on, or in, 
special thalline tubercles; in many Stictas, Ricasolias, and some Physcias, Par- 
_melias, Pannarias, and Coccocarpias. 

4. Discoid bodies—In Collema and Leptogium. | 

. Wart-like bodies—In Ramalina, Usnea, Thamnolia, Ephete, and Sterco- 
The papilleeform and mammilleform spermogones also become 

wart-like and very irregular when confluent. 

6. Barrel-shaped or tub-shaped bodies—In Cladonia, some 
Lichinas, and Parmelias. 

7. Large lecidine bodies—Whitish i in var. ecrustaceum ; 
brown in a form of Cladonia papillaria. 

Externally, the resemble, a and are to be confounded 
with,— 

a. Nascent apothecia as in n Ricasolia herbace. 
b. 


* From origua, a seed, and 

compact, or suavirys, a compact series (Latin, Pyenitis), in to the closely ag- 
gregated steriginata. The designation, Pycnidis, which was originally given by TuLAsN®, is common 
to similar organs, which occur in various fungi, particularly the Hypozyla. 


omtgua, arog, a seed or germ. 


§ orddvs, a pillar (Latin, Stylus), and oroge, a seed, from being borne on the end of pedicles or 
stalk-like filaments, called Sterigmata ; origryua, a support. | 
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c. Parasitic fungi,—especially of the genus Spheria. 

Minute Verrucarias. 

e. Parasitic Lecidewe—as L. vermicularia, L. alectoric, L. eladoniaria: and . 

L. obscurovdes. 
From all these bodies they are only to be distinguished by microscopical | 
examination. 
If. Position of the spermogones on the thallus, and in relation to the apothecia. 
They occur generally on specimens bearing also apothecia; sometimes, how- 
ever, only on sterile specimens of species whose apothecia are common; and still 
- more rarely on species or specimens never yet found bearing apothecia, as in 
Thamnolia vermicularis and Dufourea madreporiformis. 

1. Superficial —On the foliaceous, horizontal thallus, usually scattered about 
the margins of the lobes or lacinize, as in many Parmelias and Physcias. In this 
case they are situated external to the region occupied by the apothecia. | 

In exceptional cases they are scattered generally over the whole surface, and — 
are then intermixed with the apothecia, as in Parmelia conspersa, P. encausta, 
and P. stygia. The same occurs sometimes in species with a fruticulose thallus, 
as in some Cladonias and Roccellas. 

_ They are sometimes confined to the plicee of the thallus, as in some —_ of 
Sticta and Ricasolia. 

In some Placodia, which approach the true crustaceous type of thallus, sper- 
mogones are scattered,—isolated, or in groups of two or three,—on the thalline 
areolze, central or peripheral, generally the latter, sometimes both. | 

2. Marginal.—In some species with a foliaceous thallus, they are seated 
directly on the margins of the lobes, to which they give a denticulate character, _ 
as in many Platysmas, in Collema and Leptogium, in Parmelia perforata var. den- 
ticulata, Nephromium tomentosum, and some forms of Ricasolia herbacea. They 
are also marginal in some species, with a subfoliaceous or fruticulose thallus,—as — 
Parmelia Fahlunensis, P. tristis, and Evernia Richardsoni. In other lichens, they 
are seated at the ends of cilia or processes given off from the margin of the 
thallus, as in Cetraria islandica, and some forms of Nephromium tomentosum. | 

_ 3. Terminal.—tIn several species or genera, having a fruticulose or filamentous 
thallus, the spermogones are scattered toward the ends of the thalline segments or 

-ramules, as in Usnea; Ramalina, Ephebe, and Roccella. In Cladonia, they gene- 
rally either form the tips of the tapering, simple, or branching podetia, as in C. 
_rangiferina, C. furcata, and C. uncialis ; or they fringe, as tooth-like processes, 
the margins of the scyphi, asin C. pyzidata. In some cases they are seated on the 
same podetia with the apothecia, as in most species with scyphi; in others, they 
are on different podetia, as in those with a ramose thallus, such as C. rangiferina, _ 
In both cases, however, they are in close proximity to the apothecia. Some C/a- 
donias have spermogones on the surface, as well as the margins of the scyphi. 
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Others, in addition to terminal spermogones, have barrel-shaped ones, of similar 
size and form, seated either on the horizontal primary thallus, or on the folioles 
or squamules which cover the podetia, as in C.. alcicornis, C. squamosa, var. caespi- 
titia, and C. bellidifiora ; or, in the same cases, they occur on - horizontal thallus 
or the folioles alone. | 

In some species of Alectoria and Neuropogon, the spermogones are the terminal 
bulgings of the ultimate ramules, as in A. Zaylort and N. melazxanthus. 

In Stereocaulon, they are warts usually crowded in groups at or about the ends 
of the ramules. In some species, they form a sort of collar round the terminal 
apothecia. 

In Spherophoron, Acroscyphus ue Lichina, Ain are seated 0 on or near the tips 
of the ultimate divisions of the thallus. 

_In addition to the above normal or usual positions of some- 
times occur in the following exceptional situations :— 

' a. On the exciple of the apothecia, as in P. conspersa. 
b. On the apothecia themselves, as in Lichina pygmea and confine, and 
some forms of Cladonia rangiferina. — 
c. In the hypothecial tissue of the apothecium, as in Celidium fusco-purpu- 
reum. (Tul. Mem. Pl. 14, f. 12.) 3 

Ill. External colour of the spermogones.—In immersed or sper- 
mogones, it is generally only the superior portion, or that. portion which projects 
above the surface of the cortical layer of the thallus, that is coloured. In many | 
cases the ostiole alone, or its margin, is the seat of visible colour. The naked or 
sessile spermogones, however,.are usually coloured uniformly all round, the ostiole 
here, as in all cases, being darker than the surrounding tissues. 

The spermogones are generally differently coloured from the thallus, the one 
being dark and the other light ; and this contrast of colour is one reason why the 
spermogones are frequently so readily visible under the lens. In cases where | 
both thallus and spermogones have a dark or a light colour, the latter are generally 
with difficulty recognised, as in Umbilicaria, Usnea, and Ramalina. The colour 
_ of the spermogone generally passes more or less gradually into that of the sur- 
rounding thalline surface. But sometimes the spermogone is distinctly circum- 
scribed, both as to colour and form, as in Collema and Leptogium, where its 
brownish-yellow colour contrasts well with the green of the thallus. 

The spermogones are:— 

a. Black in many Parmelias, Physcias, aid Roccellas. ' Some of them, 
though black to the naked eye, or under the lens, or when dry, are 
found to be really drown when submitted to the valent or when 
moistened. 

b. Brown in Cladonia, alicia and some Physcias and Parmelias 

c. Orange-red or yellow in several Physcias and Placodiums. 
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d. Concolorous with the thallus in Usnea, Ramalina, Thamnolia, Stereo- — 
caulon, Ephebe, and Lichina. 

_ IV. Size of the Spermogones.—Their diameter varies from 1th to - th of an inch, 
many having an average diameter of th to ;,,th. 

They appear as extremely minute, microscopic points in many Parmelias, in 
Evernia, and Roccella. They are visible to the naked eye, or are readily recog- 
nized under a simple iens of low power, in many Ricasolias and Cladonias, and in 
some Usneas, Ramalinas, Physcias, Coccocarpias, and Placodiums. They are of 
an intermediate size in Stecta and certain Physcias. 

_ V. Number of the Spermogones.—They are seldom single and taobated; but this 
sometimes occurs in the terminal spermogones of Cladonia. In some species with 
a fruticulose thallus, such as Cladonia rangiferina, or C. furcata, and Cetraria 
aculeata, they are generally in groups of two or three. The papilleeform, mam- 
- milleeform, and wart-like spermogones, are generally grouped in larger number; 
_but they never occur in such numbers as the punctiform ones. The latter some- 
times cover the whole surface of the thallus, so as to give it a black-punctate 
character, as in Parmelia encausta, P. conspersa, and P. stygia. 

VI. Structure of the — —KEvery spermogone consists of the — 
parts :— | 

2. A nucleus, which again is made up x | 
a. Sterigmata, which generate ; | 

6. Spermatia; and of a 

c. Basal cellular tissue. 
3. A central cavity, which opens to the external ecinanas by a more or 
minute 

4. Ostiole or Pore. 

1. The capsule or envelope is usually more or less thick and tough in ‘its texture. 
It is made up of cells, sometimes round, but more generally, from their close — 
- aggregation and mutual pressure, hexagonal or irregularly angular, oblong or 
elongated. They are usually more or less thick-walled. Sometimes so close is 
their apposition, that the outline of the individual cells becomes lost, or is very 
indistinct. The structure of the capsule may be described, in general terms, as 
closely resembling that of the exciple of the apothecium and the cortical layer of 
the thallus. Its colour is as described under that of the spermogone generally. 
It is very frequently blackish or brownish; indigo in Pannaria triptophylla,; 
orange in several Physcias and Placodiums. 

2. The nucleus is mainly made up of the closely aggregated sterigmata, which 
are united by a mucilage, that also occupies the spermogonal cavity. Its texture 
is dense and more or less horny, frequently to such an extent that it admits of 

being sectioned in very thin slices. The texture becomes denser and harder 
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with age. From its density, the nucleus can be frequently readily separated 
from its capsule and from the thallus by the point of a needle, as in many Rica- 
solias and Stictas, where it is comparatively large. Its colour is usually whitish 
or grayish; sometimes it is rose-coloured ; seldom is it so different from that of 
the surrounding medullary tissue as to be readily distinguished therefrom. At other 
times, however, this difference or contrast in colour between the nucleus and the’ 
surrounding medullary tissues is the only means of distinguishing the former on 
section of the thallus. In old age, the nucleus frequently falls out spontaneously, 
leaving a cavity, which is at first not very conspicuous, but which gradually be- 
comes so by being deepened, acquiring a dark colour, and having swollen lips or 
margins. These cavities, which are sometimes very irregular in form, frequently — 
give the thallus the appearance of being covered over with perforations, more or 
less closely aggregated, as in Parmelia sazratilis, var. P. encausta, and 
P. stygia. 

_a. Sterigmata.*—These are delicate filaments, arranged vertically to the 
wall of the spermogone, and convergently to its central cavity. They consist 
either of a single elongated cell, or its ramifications; or of a number of shorter, | 
and usually broader cells in superposition. Hence they are divided into simple, 
and compound or articulated | Arthro-sterigmata, Nyl.) They are so closely ag- 
_gregated, that, under a low power, they look like mere striee; and sometimes, 
under the microscope, they appear united at their bases. Their walls differ much 
in thickness ; they are usually thickest in some arthrosterigmata. They appear to 
contain a colourless, homogeneous fluid; and their walls are also colourless, 
generally speaking, though occasionally in age their bases acquire a certain degree 
of colour. ‘The tissue which they form is very argremtee, imbibing w ater with 
great rapidity and ease. 

(1.) Form a. Svmple, filiform, and 1-cellular, or consisting of the ramifications 
a single cell. | 

Longish in Ramalina, Lichina, Roccella Stereocaulon, 
and Dufourea. 

Shortish, sometimes almost absent, in Squamaria.. Simple sterigmata some- 
times taper gradually into spermatia, which then appear as terminal joints. 
They generate spermatia only from their apices. They divide or branch at or 
near the base only, and their ramifications sometimes resemble digitate processes | 
from basal tubes or filaments. In the old state, the simple sterigma becomes 
sometimes sterile, elongated, and ramose ; and its ramifications form a filamen- 
tous network more or less occupying the spermogonal cavity, and resembling that 
which is found in the spermogone of many Parmelias having articulated sterig- 
mata. ‘This i is particularly noticeable i in some Cladonias. 


* origryua, & support, in allusion to their function of generating the Spermatia. 
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b. Compound or articulated (arthrosterigmata|. Component cells are,— 

1. Short, broadish, often thick-walled, and numerous in Sticta, Ricasolia, 
Nephromium, Pannarta, Coccocarpia, Placodium, Umbilicari 1d, Collema, Leptogium, 
and some Physcias. 

2. Longish, narrow, mostly thin-walled, and few i in Parmelia, many Physcias, 
Evernia, Usnea, Platysma, and Cetraria. 

Like the simple sterigmata, the articulated sterigmata are sometimes ramose, _ 
but the ramifications may come off at any point between their base and apex. It | 
is noteworthy, that arthrosterigmata uniformly bear straight spermatia, which are 
given off from both apex and sides, while the simple sterigmata bear spermatia, 
which are sometimes curved or twisted, sometimes straight. In the case of simple 
_ sterigmata, the spermatia are more frequently short, oblong, oblong-oval, or cres- 
centic; in that of arthrosterigmata, they are almost always rod-shaped or acicular. 
In the arthrosterigmata, the spermatia, though given off from the szdes of the 
sterigmatic filament, as a whole, are generated from the apices of the individual 
or component cellules, at more or less irregular angles. Hence they project from — 

the sides of the sterigmata like a series of needles or bristles, numerous in propor- 
tion to the number of the constituent cellules of each sterigma. This bristled 
appearance is, therefore, most marked where the individual articulations or cells 
are short and numerous, as in Collema, Umbilicaria, and Placodium. : Vite 

(2.) Size.—In length, sterigmata vary from ,..th to 4th of an inch, a medium — 
being th to th. They are shortest when simple ; in some cases so short as to ~ 
absent. In breadth, they vary from to ;,,th; an average being ,,,,th 
to 54th. Simple sterigmata are usually narrower, as well as anarher, than arthro- 
sterigmata ; ; in them the breadth is sometimes so small as to Arthro- 
sterigmata are frequently’ to broad, though sotacties they do not 
exceed The following micrometrical to the of the 
sterigmata, may assist the reader :-— 


. Very short, From tO inch. 


1 

5. Longish, - . Cs 


‘The cavity of the spermogone, in many lichens,—as in Parmelia physodes, P. 
saxatilis, P. tiliacea, P. acetabulum, P. perlata, P. perforata, P. sinuosa, P. mutabilis 
P- conspersa, P. kamtschadalis, and in Ramalina, Usnea, and Evernia, almost ali 
having compound or articulated sterigmata,—is occupied more or less by a lax 
network of very delicate anastomosing filaments. These would appear to be 
hypertrophied, sterile sterigmata; at least, the elongated ramose sterigmata of — 
Cladonia seem to me to furnish a key to their true nature. They spring from 
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among the spermatiferous sterigmata, which they greatly exceed, both in length 
and tenuity. Their extremities are usually more or less knobbed or bulging. 

b. Spermatia are solid bodies, colourless and transparent; homogeneous, 
having no contents and showing no septa; generally more or less linear in form, 


and of equal thickness throughout; never quite spherical; of extreme tenuity; 


exhibiting great uniformity in size and shape; devoid of cilia or other ap- 
pendages ; possessing Brownian or molecular movements in water; having no 
power of germination; never intermixed with oil —* but imbedded i in a- 
mucilage. 

These essential characters it is of importance to bear in mind, especially in 
contrasting, as to function, spermatia with stylospores. 

_ Form a. Straight.—1. Rods with obtuse ends, or needles with pointed ends, 
in all species with arthrosterigmata. This, therefore, is the commonest 
form of spermatium. — | 

2. Oblong, oval-oblong or ellipsoid in Ramalina, Lichina, and Ephebe. 
b. Curved.—1. Shortish ; sickle-shaped or crescentic ; of equal thickness 
throughout, and with blunt ends, or thickest in the centre ; with pomited 
ends in Cladonia, Roccella, Stereocaulon. | 
2. Long; twisted or vermiform in Squamaria. 

Size.—The length of the spermatia varies from th to saath of 8 an ‘inch, a. 
medium or average being ;th to ;nth. Sometimes, though rarely, asin Parmelia 
‘tiliacea occasionally, they are twice as long when attached as when free. But, in 
such cases, it would appear that, when thrown off from the sterigmata, they divide 
into two equal segments. Their breadth is most frequently about 5,sth to south, or 
it is so small as scarcely to admit of measurement. The following micrometrical _ 
scale, applied to the length of the ——— may assist the reader :— 


6. Verylong, . ; 


_ Position on the Sterigmata.—They are given off from— 
a. Apices only, in simple sterigmata. 
b. Apices and sides, in compound or articulated. ones. | 
Development.—The spermatium first appears as a minute, papillar bulging of 
the apex of the sterigmatic filament or cell. This papilla gradually becomes 
_ elongated, and when maturity has been arrived at, a line of separation becomes 
marked, and the spermatium falls from its yal cell and base of support. Each 
VOL. XXII. PART I. 2H 
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sterigmatic cell would appear to give off in succession many spermatia; hence the 
infinite numbers in which the latter are found in the spermogonal cavity. 

Emission or expulsion from the Spermogone.—When thrown off from the 
sterigmata, the spermatia accumulate in the central cavity of the spermogone, 
and gradually escape by the ostiole or pore. The emission or expulsion takes 
place under the influence of moisture, and its mechanism is the same in principle 
as that which regulates the expulsion of the spore from the thecze and apothecia. 
The nucleus or sterigmatic portion of the spermogone imbibes water with great 
rapidity and avidity, swelling much; while the capsule or envelope does so 
much less readily and more slowly. The result is, that under the influence of 
moisture, a considerable pressure is exerted by the latter upon the former, the 
spermogonal cavity is contracted in size, and its contents,—the spermatia and the 
mucilage in which they are imbedded,—are squeezed out of the ostiole with con- 
siderable force, frequently, indeed, as if in a cloud or stream. 

3. Cavity.—The s,ermogonal cavity is simple in the majority of lichens; but — 
_ it is divided into a series of compartments or loculi, with more or less sinuous 

walls, in some Physcias, Coccocarpias, Usneas, Ramatinas, Thamnolias, Stereo- 
caulons, and Neuropogons. | 

It contains a mucilage, which is ensialty colourless; but which is rose-red in 
some Cladonias. In this are imbedded the spermatia. The cavity is sometimes 
occupied by a net-work of anastomosing filaments, which arise from among the 
spermatiferous sterigmata, and which appear themselves to be hypertrophied, 
sterile, modified sterigmata. In age, the sterigmata frequently encroach upon the 
spermogonal cavity so much, by becoming and hypertrophied, that. 
it is frequently at length obliterated. 

4. Ostiole or Pore—Form.—It is normally regular and round; but in the old 
state it is very frequently stellate-fissured, or otherwise irregular in its out- 
line. In wart-shaped spermogones it is. also frequently elongated and irregular. 
In position, it is central, one being seated on the apex of each spermogone. But 


' when the spermogones are confluent, the ostioles are frequently so also, or a mass — 


of confluent spermogones may be dotted over with an irregular series of foramina 
or ostioles, as in the case of A/ectoria Taylori, and Neuropogon melaxanthus. The 
ostiole may be either flat,—that is, even with the surface of the thallus,—papillie- 
form, or depressed ; or it may possess all three forms in the same species, or even 
specimen. But the papilleeform ostiole is more common than either of the other 
two. It is frequently surrounded by, or seated in the centre of, a round areola, 
as in many Stereocuulons, Spherophorons, and Parmelias. | 
_ The lips or margins of the ostiole in the young and mature state are » seldom | 
very prominent; but in the old state they are ey swollen, coloured, and 
prominent. 
Size.—The ostiole i is generally very minute ; ; invisible without the aid of the 
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Jens, and even with its aid, difficult of detection, as in many Parmelias, Physcias, 
Evernias, &c. In some cases it is so large and patent as at once to be recognised 
under the lens, as in Cladonia, some Parmelias, &c. | 

Colour—is generally blackish or brownish ; in some Physcias and Nicci 
itis orange-red ; and in Usnea and Ramalina it is concolorous with the spermogone 
and thallus, and hence is extremely inconspicuous. In exceptional cases it is 
-pruinose, as in Physcia pulverulenta, in which species, also, it is is sometimes of a 
rose-red colour. 

VII. Chemical Characters.—No portion of the spermogonal tissues ever gives a 
blue reaction with iodine, as the thecee and other elements of the hymenial 
tissues of the apothecia do. But the spermatia are rendered sometimes more 
distinct by being coloured a deep reddish-brown. 

VILL. Function of the Spermogone.—It is generally supposed, by continéntal 
observers, that the spermogones are the analogues of male organs; but no im- 
pregnatory or fecundating influence on the spore has yet been distinctly observed 
or proved. In connexion with speculations a as to their function, it is Amportant 
to note :— : | 
. The universality of the occurrence of spermogones in lichens. 

. Their intimate relation, as regards position, to the ‘apothecia. 
. Their priority in development over the apothecia. 
. The general resemblance of the spermatia to the siarciianecide of other 
cryptogams, though they are destitute of all appendages. 
. The differences in form and structure between spermatia and spores. 
The former are solid, homogeneous, of extreme tenuity, elongated, 
colourless, of almost uniform shape and size. The latter are hollow, 
with heterogeneous contents, frequently septate, usually spherical or 
oval, shortish, frequently coloured, varying greatly in size and form. 
_ 6. The absence of germinative power in spermatia. 
7. .The relative size of the mpermnniia and spores,—the former being infi- 
-nitely more minute. 
8. The relative number of spermatia and spores, —the hang infi- 
nitely more numerous. 

IX. Effects on Classification, &c., of the of — What 
are now ascertained to be spermogoniferous states of many lichens were regarded — 
_ by the older lichenologists as separate varieties, species, and even genera; hence — 
the discovery of spermogones has been the means, inter alia, of greatly reducing — 
the number of lichens, and of simplifying their classification and nomenclature. 
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II. PycnipDEs. 


| The Pycnides of lichens may be described generally as .externally resembling 
in form, colour, site, &c., the spermogones, from which they can be distinguished 
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only by microscopical examination. The essential difference lies in the character 
of the contained corpuscles—the stylospores, though the sterigmata also differ — 
from those of the spermogones to this extent, that they are almost always simple, 
shortish, and stoutish, generating the stylospores only at their apices. The 
pycnides consist, like the spermogones, of a—1. Capsule; 2. Nucleus, made up of 
sterigmata, with stylospores instead of spermatia however ; 3. Cavity; and 4. Osti- 
ole. They resemble outwardly, and are frequently mistaken for—a. Spermogones ; 
b. Minute Verrucarias ; c. Parasitic Fungi; and d. Parasitic Lecidew, such as those 
mentioned under the head of spermogones. From all of these bodies they can 
only be distinguished by careful microscopical examination. 

They resemble the organs known as Phoma, Septoria, Diplodia, &c., which, 
according to TULASNE, belong, as secondary reproductive organs, to various theca- 
sporous fungi. Their occurrence, alike in fungi and lichens, is a strong link binding 
together in close alliance these two great cryptogamic families. They are more — 
plentiful in the lower than in the higher,—in crustaceous than foliaceous, lichens,—__ 
or, in other words, in those species most nearly approaching, in other particulars 


of their organization, the fungi. In crustaceous species they usually occur as | i 


_ very minute black perithecia, resembling the apothecia of Verrucaria. But inthe 
higher lichens, they are frequently much larger, more closely resemble the sper- 
mogones, and are variously coloured, as in Peltigera and Alectoria. In the first- 
named genus they are marginal, like the apothecia; in the other, they are seated 
sometimes as warts ¢ on oo canal filaments, or in the axils of their ramifica- 
tions. 

Pycnides are sometimes associated both with spermogones and apothecia ; be 
sometimes with apothecia alone, no spermogones being present. Occasionally, 
pycnides and spermogones occur without apothecia, as in some species of Strigula ; 
and sometimes pycnidiferous states of lichens are found just as spermogoniferous 
states are,—without either of the other forms of reproductive organs. 

The distinction between pycnides and spermogones is, to a certain extent, one 
of convenience,—one depending on the difference in character of the contained — 
corpuscles,—not one as yet founded on essential differences in function, inasmuch 
as the function of neither can yet be said to be thoroughly established or under- 
derstood. Hence it may hereafter appear that some organs now denominated 
pycnides should be really regarded as spermogones, as those of Peltigera and 
Alectoria, and perhaps, though less likely, the converse,—that some organs now 
regarded as spermogones should be looked upon as pycnides, as those of Lichina : ! 

Stylospores have the following distinctive characters :— 

_ Form is very variable; but they are usually pyriform or oval. Generally 
they resemble spores in appearance. They are hollow bodies, with contents 
which are, at least, partly oily. They are usually found intermixed also with oil 
globules of various sizes. Occasionally they are septate, like many spores. Some-— 
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times they retain their sterigmata as caudate appendages, shrivelled, but still dis- 
tinct. Their colour is sometimes a pale yellow. 

Size, like form, is variante. The length varies from 2th to z<th of an ined, 
and the breadth from goth to goth. Their size is therefore much greater in every 
dimension than that of the spermatia. At the same time, they are much fewer 
in number than the spermatia. 

They are given off from the apices only of the sterigmata, and they are said 
by NYLANDER to possess the power of germinating. __ : : 

Function of the Pycnides and Stylospores.—Founding solely or chiefly on 1 their 
alleged power of germination, the stylospores are described in the latest conti-. 
nental work on lichens (NYLANDER’s “ Synopsis”) as sporoid bodies, that is, 
resembling spores, both in form and function. According to this view, we should 
regard the pycnides as secondary or supplementary apothecia. I have not, how- — 
ever, seen this germination of the stylospores for myself; neither have I observed | 
impregnation of the spores by the spermatia; and though I am inclined, so far 
as my own observations have gone, to the views regarding the functions of the 
spermogones and spermatia, pycnides and stylospores,—which I have above 
- enunciated as those taken by continental observers,—all that I feel warranted 
_ at present in advancing is, that I believe both spermogones and pycnides, in some > 
way not yet fully established, to subserve the purposes of reproduction in lichens. 


FAMILY I. Usnex. 


GENUS I. Usnga, Hoffm. 
The spermogones of this genus are extremely difficult of discovery, from their | 
being of the same colour as the thallus, and from the ostiole being pale and i incon- 
_ spicuous; moreover, they are seldom met with. Ihave examined hundreds of speci- 
- mens in every state, and from all manner of habitats, without success, and I had 
despaired of ever finding its spermogones, when, about two years ago, I suc- 
ceeded in discovering them in abundance in a ipsa of U. bai ‘bata, var. hirta, Fr., 
in Le1iGuton’s “ Lichenes Britannici exsiccati.” I have subsequently found them 
more plentifully in foreign specimens of the same species. I am now in a position 
to announce that the variety hirta of the older authors is, in great part at least, 
‘simply a spermogoniferous state or condition. It is partly also a state in which 
-sorediiferous, instead of spermogonal, warts are abundant. These two separate 
kinds of warts can seldom be safely distinguished otherwise than by microscopical 
examination. I am not aware that, at the period of my discovering the spermo-_ 
gones of Usnea, I had been anticipated in my observations by any previous author. 
KoERBER says distinctly, “ Spermogonien sind bis jetzt weder an dieser noch den — 
andern arten aufgefunden worden.”* Since the date of my original observations, 


* “Systema Lichenum Germaniez,” “ Die Flechten Deutszhlands,” von Dr G. W. Koenser. 
Breslau, 1855, P. (Sub U. florida, L.) 
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the spermogones of U/snea would appear to have been noticed by Dr NYLANDER of 
Paris, who, however, has as yet given no full or precise account thereof. | 
These spermogones are tubercles or warts, varying greatly in size and form, 
which are scattered abundantly (when they occur at all) along the ultimate ra- 
muscles of the thallus, near their tips especially. To these they give the very rugose 
or warted appearance, which they not unfrequently bear, especially in var. hirta. 
They occur sometimes also on the cilia, which diverge from the margins of the 
large flat apothecia.. They are, as I have already stated, concolorous with the 
thallus, and the ostiole can rarely be detected, unless when it is, as is seldom 
the case, black-punctate. Their nature, however, can be readily determined by 
placing one or two of them in a drop of water between glass slides under the 
microscope, while subjecting them to moderate pressure. The emission of myriads 
of small needle-like spermatia will at once remove all doubt as to their nature. 
‘Sometimes the spermogonal warts are isolated; more frequently they are confluent 
and irregular. Their cavity, too, though sometimes simple, is generally sinuous — 
or compound, branching into numerous narrow compartments. Externally, the - 
- spermogones of Usnea resemble those of Ramalina, which are somewhat better 
known and more abundantly met with. The sterigmata, which converge towards 
the centre of the spermogonal cavity from its internal walls, are either simple and 
linear, or composed of a few linear, delicate cells or articulations, as in many 
Parmelie. These cells bear, on their apices, rod-shaped spermatia, varying from 
sooth tO goth long, and having a breadth of about y;a;th. Associated with the 
ordinary sterigmata are numerous elongated, ramose, delicate, sterile filaments, 
such as occur in Ramalina, and in several Parmeliw. NYLANDER describes the 
spermatia as rather thicker at one end, which thicker end is the one attached to 
the sterigma, and therefore lowest. This I have not specially noticed. The sper- 
mogones of Usnea are sufficiently and well illustrated by those of its species, 
U. barbata, which is to be found all over the world. 


Sproms 1. U. barbata, Fr. 
‘Specimen 1.—Var. hirta (or spermogcnifera, pro parte). LEIGHTON’ s “Lich. 


Brit. exsice.” No. 1. (Engl. Bot., Plate 1354). Haughmond Hill, Shropshire. 


- On the two right-hand specimens in my copy, both of which are dwarfed, de- 
formed, much warted, and of a very dark greenish-gray colour: in fruit. In one 
specimen the spermogonal warts are chiefly scattered over the cilia, proceeding — 
from the margins of the apothecia; in the other they cover the sterile ramuscles, 
especially about their extremities. In site and external appearance the spermo- 
_ gones are extremely like those of Ramalina scopulorum, Ach., and R. polymorpha, 
Ach. They are generally confluent, large, and irregular, and are among the most — 
distinct spermogones I have ever observed in this genus. Their envelope is com- 

posed of hexagonal or roundish cells, constituting a tissue resembling that of the 
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epidermis or cortical layer of the thallus, and having either a greenish or brownish 
colour. The internal tissue is dense, white, and hygrometric, as it is in the | 
‘majority of lichens; and the cavity is full of viscid mucilage, in which are im- 
bedded the free spermatia thrown off from their sterigmata on reaching maturity. 
The latter corpuscles are straight and linear; sometimes very short, not exceeding 
aath to sath long, sometimes long and acicular, attaining a length of seth. The 
breadth in both cases is generally the same, being about ,;;;th. The sterigmata 
are sometimes simple and linear, ramose at base, or coming off i in a digitate manner 
~ from basal filaments or tubes. At ovher times, and more generally, they are com- 
posed of a few—occasionally of numerous—articulations, which are delicate, linear. 
longish cells. These articulations or component cells, however, differ greatly in 
size and shape. They may be short and oval-oblong, or spherical, or elongated, 
and with very irregular outline. Moreover, they are articulated to each other at 
very irregular angles, and the whole sterigmata have frequently, therefore, a very 
zigzag and irregular outline. In the older spermogones are to be found masses 
of projecting elongated hypertrophied sterile ramose filaments, having quite the 
characters of those which occur in Ramalina, in Parmelia physodes, P. tiliacea, 
and many other lichens. 

Specimen 2.—Van Dieman’s Land ; collected by Dr J. D. Hooker, 1856. In 
the Hookerian Herbarium, Kew (sub nom. U. florida, Ach.). This is also var. 
hirta, a name, I think, which should, to avoid errors and misconceptions, be re- 
tained solely for spermogoniferous warted states of U. barbata. It is not of itself. 
a good variety, for rough warted spermogoniferous states may occur equally in the 
varieties florida, ceratina, plicata, and hirta of authors, though they are most 
abundant in the latter variety. The spermogones are here abundant on the small 
ramuscles which diverge as cilia from the margins of the apothecia; and also on 
the small transverse ramuscles, which are given off by the erect (or pendent) main | 
_ ramules in the neighbourhood of the apothecia. The warts are small and indis- 
tinct, and seldom, though occasionally, is the ostiole distinguishable. Thespermatia 
are delicate needles, about goth to ath long. The sterigmata are very delicate, - 
and either subsimple or slightly ramose; composed of two or three longish, delicate, 
linear articulations, as in Parmelia sazatilis, P. physodes, &c. Accompanying the — 
spermogonal warts, but generally on separate ramuscles, are sorediiferous warts, 
which are at once distinguishable on microscopical exammation. : 

Specimen 3.—Also var. hirta; dwarf form. Tasmania. Antarctic Expedi- 
tion, 1889-43. Collected by Dr Hooker (sub nom. U. florida, Ach.): in abundant 
fruit. The main ramules give off very numerous transverse ramuscles. The 
latter, about their tips, are frequently roughened by indistinct, small spermogonal 
tubercles. They are so small as to be apt to be overlooked. The spermatia and 
sterigmata are as described in No. 2. But the latter sometimes also consist of 
_ simple linear, but irregular cells, which come off from basal tubes, lodged in the 
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capsule or walls of the spermogone, as digitate prolongations. This capsule or 
envelope is of a tissue, which is either pale yellow or colourless. | 

Specimen 4.—Var. hirta. On the white oak of California. Collected by Mr 
DeiauTon, 1857. The ramuscles are roughened over with warts, which, however, 
are chiefly sorediiferous. The spermogones are sparingly scattered about the tips. 
of the ramuscles as elongated, flattish, pale warts, with ostioles of the same colour 
as the thallus. The sterigmata are very delicate and indistinct, of single, linear, 
elongated cells, subdigitately ramose at base. No free spermatia were found, the 
spermogones being chiefly old. | : | 

Specimen 5.—Rio Janeiro, 1846-51. Sent to Henry Pau, Esq. A few sper- 
mogones occur on the long and abundant cilia proceeding from the margins 
of the apothecia, as well as on the ramuscles diverging at right angles from the 
main branches of the thallus. They are either distinctly tuberculated, or they 
merely form fusiform swellings of the filiform ramuscles. The ostioles are pale 
and large; the tissue surrounding them still paler. 

Specimen 6.—Ceylon. Wa ker. In Hookerian Herb., Kew. Scattered about 
the tips of the ramuscles are tubercles, with pale brown disk-like ostioles, resem- 
bling young apothecia; these appear to-be_spermogones; but they are old, and 


contain no free spermatia. ‘The tubercles are generally surrounded by a pale collar 


or ring of thallus. The last two specimens both belong to the var. florida, Fr. 


GENUS II. Nevroprocon, Nees and Flot. 


The only species of this genus, NV. melaxzanthus, resembles the Usnea florida, 
Ach., than which, however, it is much stronger, coarser, and more deeply coloured. 
This is only what we should expect from its habitat and geographical distribution, 
the genus being peculiar to the arctic and antarctic regions. The fruit, which is 
abundant, and the spores, are those of Usnea barbata, while the spermatia and 
sterigmata are similar, though somewhat longer. Instead of being tubercles, the — 
spermogones constitute irregular fusiform swellings of the tips of the ultimate 
ramuscles, which are very black. These swellings are dotted over with minute 
perforations, which are the ostioles of the confluent compound spermogones. I — 
can see no valid reason for dissociating U. melaxanthus as a genus from Usnea, nor 
from another closely allied lichen, which NYLANpeER places in Alectoria, A. Taylori, 
- and which has precisely similar spermogones, though the thallus is somewhat — 

more simple. | 


| SPECIES melawanthus, Ach. 


| Specimen 1.—Hermite Island, ‘Cape Horn. Antarctic Expedition, 1839-43. 
Dr Hooker. The plant has a deep brownish-red colour, and very black apices, 
which contain the peculiar spermogones above described. The envelope of the 
spermogones is of a pale brown cellular tissue. The spermatia are delicate needles, — 
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‘about ststh to sth long, with a breadth of about NyLANpER describes 
them as thicker at one end. The sterigmata are very delicate, and composed of 
longish, linear, somewhat irregular cells, from the apices of which are given off the 
spermatia. The sterigmata resemble those of Parmelia tiliacea, and other Parmelie. 
_ Nyzanper describes them as simple and linear! | 


GENUS III. 


The spermogones of this genus,—at least if C. rulpina, the only species I have 
had an opportunity of examining, may be taken as a type,—are more allied to those 
of Evernia, than of Usnea and Neuropogon, with which NyLANDER associates it. 
The species named has altogether more of an everniiform than an usneiiform as- 
pect. The spermogones are black or brown points or papillee according as they | 
are immersed or superficial, scattered on the angles of the lacinix about their 
extremities, and conspicuous from contrast with the beautiful lemon-yellow colour 
of the thallus. The spermatia are straight, rod-shaped, or acicular. NYLANDER 
describes them as slightly thicker or “ fusiform-incrassate” at one end. They 
vary in size from x,:th to goth, with a breadth of about,;\,,th. The sterigmata 
are simple, linear, somewhat irregular cells, ramose at the base; or they are 
composed of a few delicate linear cells or articulations, as in Usnea and Neuro- 
pogon. Their length varies from to 


Species 1. C. vulpina, Nyl. 


-(Synonyms.—Cornicularia, Scu. Enum. 6 ; Evernia, Kors, 41; Fries. E. 
24, exs. 142; Mass. Lich. Ital. exs. 1 Pp. Pesmate, Ach.) Occurs in 
North America as well as in Europe. 

Specimen 1.—On the bark of the Wellingtonea gigantea, California; the speci- 
men exhibited in the Crystal Palace, Sydenham, February 1857; J. Harpy. In 
fruit. The spermogones are brown tubercles, which give the laciniz a very rugose, 
warted character ; they are sometimes very large and distinct. The sterigmata 
are elongated, linear cells, subdigitately ramose at base. The spermatia are about 
zoth long. On the same thallus occurs, as it frequently does, the parasitic Phacop- 
sis vulpina, Tul. (Herp. exs. 474). The apothecia of this Parasite are generally 
confluent, and form very large and irregular black warts or tuberculated masses, 
_ placed usually near the base of the thallus, or‘on the larger lacinize only. Besides, 
its spermogones have not yet been discovered, and its apothecia can scarcely, there- 
fore, be confounded with the isolated brown cr black spermogones of C. vulpina. 

Specimen 2.—HeEprp. exs. 474 (sub Phacopsis culpina, Tul., which is parasitic on 
its thallus). Bark of old larches, and on old palings, about St Moritz, Switzerland. — 
Here the spermogones are minute, black tubercle, scattered along the angular edges 


of the lacinize, and indistinguishable from nascent apothecia, unless by microscopical ~ | 
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examination. The spermatia and sterigmata are among the largest and most 

distinct I have seen. Both are somewhat hazy or granular, and the basal por- 

tions of the sterigmata are brown. The bases of the latter are very closely agglo- 

merated, and merge into the brown, dense, cellular tissue of the envelope. The 

_ sterigmata are simple cells, elongated, having a very irregular outline, —s off 
subdigitately from basal tubes. = 

Specimen 3.—Rocky Mountains, DrumMonp; north-west coast of America, 
Dovcias; in Hookerian Herb., Kew. The spermogones extend a considerable dis- 
tance down the lacinize. They are wholly immersed, and exhibit on the surface 
only their small, black, papillzeform ostioles. The spermatia are about gath long, 
with a breadth of simth. The sterigmata are about sath long, and consist of 
a few delicate, linear, irregular cells or articulations. 

Specimen 4.—Scu#reEr exs., No. 390 (sub Parmelia); on firs j in the Alps; on 
right-hand specimen in my copy (ed. alt. immut., 1840). The spermatia are about 
- smoth long ; the sterigmata either linear, single cells, or of a atid articulations ; about. 
iowth tO jsoth Jong. 

Specimen 5.—Germany ; in Herbarium Bot. Soc. Edin. The spermogones are 
abundant as greenish or greenish-brown tubercles, with a black tip. The sper- | 
matia are about 3oth to ~th long. The sterigmata are as described in No. 4. 


FAMILY I. Ramainez. 


GENUS L RAMALINA, Ach., Fr. 


As a general rule, the spermogones of this genus resemble those of Usnea. 

_ They are irregular tubercles of the same colour as the thallus, sometimes isolated, 
but more frequently confluent, scattered over the lacinize, especially about their 
extremities. Spermogonal warts are the cause of the very rugose, deformed 

character of the lacinize in several species ; for instance, in 2. scopulorum and R. 
polymorpha, in dwarf specimens of which they are especially abundant. The 
ostiole is generally pale and inconspicuous; under moisture it is usually semi- 
translucent, and more easily recognisable. It is sometimes, more generally in 
foreign than British species and specimens, black-punctate, and then it is com- 
paratively distinct and easily seen on the pale green thallus. Where the laciniz 
are round or filiform, the spermogones are scattered over the whole surface; where 
they are flattened, as in the ampliata form of var. fraxinea, they are sometimes 
confined to the rugve, with which the thallus is frequently marked. The size 

of the spermogones varies greatly; their diameter generally ranges from zth to’ 
ath. In 2. calicaris, var. fraxinea, it is oth to in R. scopulorum ath to jth. 

The envelope is either of a pale brown or green, or it is colourless; its component 
tissue is cellular, and similar to that of the cortical layer of the thallus. The cavity 

is simple or compound, and divided into sinuosities or compartments; the latter 
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apparently in the case of confluent spermogones. The internal tissue is white, 

horny, and dense, as contrasted with the loose, white, medullary tissue in which 
they are imbedded. The sterigmata are very delicate, short, linear cells, some- 
times ramose at the base, or equal width with the spermatia, which are given off as 
terminal cells. Sometimes, though rarely, they appear to be subarticulate, several 
long, linear, delicate cells coming off from a central, principal, or trunk cell near 
its base. Their length varies from to frequently averaging As- 
sociated or intermixed with the ordinary sterigmata are numerous elongated, 

ramose, very delicate filaments, which fill up the cavity of the spermogone, and 
occur so constantly as to constitute a characteristic feature of the spermogones of 
this genus. NY LANDER regards these anastomosing filaments as a point of dis- 
tinction between this genus and Dufourea. ‘The spermatia are short and oblong : 
sometimes, though rarely, ellipsoid. Their breadth is about .,ath; their length 
varies from to averaging about oath. 

In R. ceruchis, a species from central America, the spermogones differ some- 
what from those of the British Ramalinew. They are here black, cone-like bodies. 
either directly seated on the thallus, or placed on thalline warts or tubercles. 
The difference, however, is more apparent than real; and, altogether, this is an 
exceptional or anomalous species. It is only the ostioles which are black and | 
papilleeform, and the envelope of a deep indigo blue colour; the whole internal 
structure is that of the spermogones of British species of Ramalina. There is a 

remarkable uniformity in regard to the structure or contents of the spermogones 

of this genus,—a circumstance which, taken along with the uniformity in character 

_ of thespores, leads me to suggest that all our British species, at least, of Ramalina, 
should be associated in a single species,—cal! it by what name we may. 


Species l. calicarts, Fr. 


A cosmopolite, which has been found in some of its numerous “varieties or 
_ forms equally in Europe, Africa, America, Asia, and Australia. 
- Specimen-1.—Var. fraxinea, Fr. Broad form of lacinix (form ampliata of 
authors). On trees, Glen Cluny, Braemar, August 1856, W. L. L.; no apothecia. 
Laciniz marked by prominent, decussating rugze or plicee. On these the spermo- — 
- gones occur generally in closely aggregated, irregular groups, and most abundant 
_ about the extremities of the lacinize. The ostioles are generally of the same colour 
as the thallus ; sometimes of a darker green, but never very conspicuous. The sper- 
matia are about ath long; the hypertrophied ramose filaments are abundantly 
intermixed with the ordinary sterigmata. The apices of the latter generally bulge 
somewhat, resembling, in this character, the paraphyses of most lichens. 
Specimen 2.—Sub Alectoria tuberculata, Tayl., in Hookerian Herb., Kew; Peru. 
on trees in arid situations; Monte Christo, Columbia. This lichen has broadish. 
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flattened lacinize, and is apparently referrible to the same variety as No. 1. The 
surface is abundantly warted over with both spermogonal and soredic tubercles ; 
hence, probably, the source of the name given it by TayLor. 

Specimen 3.—Heppr. exs. 167, var. ampliata ; in fruit; on old fruit-trees. The 
smallest and lowest specimen in my copy has spermogones, scattered over the 
edges and towards the ends of the lacinie, as yellowish tubercles. The envelope 
is of a pale brown, or colourless. 

Specimen 4.—Teneriffe ; in Hookerian Herb., Kew. The segments of the thallus 
are linear or narrow, but flat. The margins are roughened or warted over with 
 spermogonal warts, whose ostioles are either pale or black-punctate. In the latter 
case they are easily discoverable. The spermatia are about jth long; the ste- 
rigmata joo ~th. The greater frequency of the black-punctate condition of the 
ostiole in hecian, than in British specimens, is one great reason why the spermo- 
gones of the former are generally more easily recognised. 

Specimen 5.—Philippine Islands, Cumiye; in Hookerian Herb., Kew ; sterile 
segments of thallus linear and flat. The spermogones are marked by a central’ 
brown pore or ostiole ; they are scattered over the surface of the lacinize about 
_ their tips; they are here easily discoverable under the lens. The spermatia are 
about jth long; the sterigmata ;th to jooth. 
Specimen 6. Lichen calicaris, Linn., in Herbarium Linneei, preserved in 
the Library of the Linnean Society of London. The thallus is dotted abundantly — 
over with spermogones, the ostioles of which are minute black dots or points. 

Specimen 7.—Forfarshire ; T. Drummonp, in Hookerian Herb., Kew; a form 
passing into £. scopwlorum. The thallus is very dark, and is covered with sper- 


mogones. In R. calicaris, the eae capsule ¢ or envelope of the a is 
about roth, thick. 


SPECIES 2.. R. scopulorum, Ach., 


Which is seaihe as widely distributed over the world as 2. calicaris, being found 
in Europe, Africa, Asia, and Australia. 

Specimen 1.—Isle of Bute ; in Hookerian Herb., Kew; a ial: delicate form, 
with round filiform segments. These are abundantly warted over, especially 
~ near their tips, with spermogones. having black-punctate ostioles. Hence these 
organs are here easily recognisable on the pale lemon-yellow thallus. The size 
and form of the spermogones vary greatly. The sterigmata are about jth long, 
and sub-ramose at base; the spermatia sub-ellipsoid, about sth long, with a 
breadth of sooth. | 
Specimen 2. —Rocks on the sea-coast, Burntisland Aberdour, Fife; 
~ collected May 1856, by Dr Murray Linpsay. Spermogones are abundantly scat- 
tered over the exceedingly deformed, rigid, dark-coloured segments of the thallus, as 
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very irregular warts, paler than the thallus, generally flattened on their surface ; 
having an ostiole concolorous with the thallus, or paler, never black. : 

Specimen 3.—Kinnoull Hill, Perth; rocks on summit, overlooking the Tay, 
W. L. L. <A small, rigid, dwarf, dark-coloured form, as in No.2. Some speci- 
mens are quite free from spermogones, others have them in abundance, as 
in No. 2. 

Specimen 4 —Leiauton’s exs., No. 2. Engl. Bot. 688; on rocks, South Stacks, 
Holyhead, Anglesea ; sterile. Spermogones are abundant in both specimens in 
my copy ; large and small forms of thallus. They are generally confluent, and very 
irregular in form; occasionally having a blackish ostiole. The spermatia are 
about sath long, anc sterigmata about janth. Many of the latter are really ramose, 
giving off linear elongated branches or cells near their base. The hypertrophied 
ae filaments are very abundant and distinct in the right-hand specimen 
_ in my copy. 
| Specimen 5.—Forfarshire, T. Drummonp; in Hookerian Herb., Kew (sub nom. 

R. fraxinea var. fastigiata). Segments very much warted over with spermo- 
gones, having black ostioles. 

Specimen 6.—Miss Hutcuuys ; apparently from irelatid ; in Hookerian Herb., 
Kew. Spermogones abundant, but pale and inconspicuous. The thallus here is 
terebrate, or pierced by foramina, and marked by lacune. I have noticed this | 
condition in many other British specimens of this species, so that it can scarcely 
be regarded as a good specific character,—as in Tayior’s &. terebrata. In another 
specimen, also from Miss Hutcurs, in the same Herbarium, the ostioles of the 
spermogones are black-punctate. 

Specimen 7.—Rocks, Scilly Islands, Dickson; in Hookerian Herb., Kew. Flat 
linear segments, showing a transition to 2. calicaris. These are dotted over with 
spermogones, which, from having black-punctate ostioles, are easily seen. 

Specimen 8.—Probably from the coast of Appin, Argyleshire, CARMICHAEL; in 
Hookerian Herb., Kew. Spermogones abundant, and with black ostioles. They 
are pale and inconspicuous in other specimens marked from the Hebrides. 

Specimen 9.—Lundie Crags, about ten miles from the sea (near Dundee), 
GaRDINER, 1844; in Hookerian Herb., Kew. The thallus is of a very dark green, 
almost black; the spermogones pale. 

Specimen 10.—GREVE DE Lecg., Jersey, 1851; in Hookerian Herb., Kew. The 
thallus is of a pale lemon-yellow, probably the result of age and desiccation. The 
tips and bases of the segments of the thallus are black, while the thallus is studded 
over with patches of black. The spermogones are abundant, with largish black © 
ostioles, occasionally somewhat the spermogones of melax- 
anthus. 

Specimen 11.—Teneriffe, Focks near the Mesa de Mota, 1849; BourcEav Pl. 
Caner., No. 351. Spermogones abundant, and with black ostioles. 
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Specimen 12.—St. Vincent, point of Mount Veredi, 2500 feet high; and Cape 
de Verde; VocrL. Segments flat, and of a very dark brownish-red colour. The 
margins of the lacinize are fringed with Spemagons: warts. Nos. 11 and 12 are 
in the Hookerian Herb., Kew. | 

_ Specimen 13.—Rocks on the Island of Potoo, China, 1856, Fortune. In fruit, 
spermogones abundant, pale. 

Specimen 14.—Wetwirzscu exs., 36, on granite rocks ; 37, 8. b. Cabo da Rocca, 

Estremadura; 38, ‘y. Cabo da Rocca,—all in Portugal. Both sterile and fertile 
segments are warted over with spermogones, having black ostioles. This and No. 
13 are in the Hookerian Herb., Kew. 

Specimen 15.—ScH2RER exs., 554; maritime rocks, shores of the Atlantic ; : 
Petver. The spermogones are abundant, flattish, very variable as to size, and 
marked by a pale ostiole, which is only visible on close examination. The sper- 
matia are long; the sterigmata to jath. 

_ Specimen 16.—Scu&RER exs., 603 (sub var. humilis); rocks on coast of Cor- 
sica; Requien; in fruit. This seems merely a maritime form of fastigiata var. 
of 2. calicaris. The spermogones are abundant about the ends of the thalline seg- 
ments; they are elongated, irregular in hance and marked by a pale gray or 
greenish ostiole. 

In &. scopulorum, it will : shereel that the spermogonal ostiole is more 
- frequently black than in 2. calicaris. It may sometimes be confounded with a 
small, black, punctiform Sphwria, whose perithecia are occasionally scattered over © 

the surface of the thallus. The subarticulate sterigmata, which occur occasionally, — 
~ resemble those of Cladonia, except that they are distinctly composed of several 
cells, instead of being a single ramose one. This is perhaps the best species in 
_ which to study the spermogones of Ramalina. So abundant are these bodies on | 
‘it, and so constantly do they occur, that I regard this — mainly asa ised 
goniferous maritime form of £2. calicaris. 


Species 3. R. polymorpha, Ach,, 


Which occurs in Africa, as well as in Europe. I do not ani on what principle 
this is separated as a species from R. scopulorum. I regard it simply as a dwarf, 
deformed, spermogoniferous state, and referrible to £. calicaris. Its spermogones | 
are precisely those of #t. calicaris and 2. scopulorum. 

Specimen 1.—Le1cuton exs., No. 73; on Whitestone Cliff, near Thirsk, York- 
shire. The thallus is dwarfed, deformed, and of a very dark colour; the seg- 
ments are thick, and are abundantly warted over with the spermogones of 2. 
scopulorum. The hypertrophied, ramose, sterile filaments are here abundant 


— and distinct,—more so panes: in this species and i in R. scopulorum than in J. 
calicaris | 


| 
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Specimen 2.—WeEtwitzscH exs., No. 39; Cabo da Rocca, Estremadura, Por- 
tugal; in Hookerian Herb., Kew. Fruit (that of fastigiata var. of R. calicaris), . 
abundant. This I refer to the fastigiata section of R. calicaris ; it is simply, as 
in No. 1, a dwarf deformed state, abundantly warted over with spermogones. 


_ SPECIES 4. R. terebrata, Taylor. 


This I do not regard as a separate species, but would refer it, as a variety: to 


R. calicaris. 


Specimen 1.—Falkland Islands; Antarctic Expedition, 1889-43; Dr Hooker. — 
Its spermogones externally, as well as their spermatia and sterigmata, are those 
of calzearis. The spermogones are scattered about the ends of the narrow flat 
laciniee : they are sparingly distributed, and are small, flattened, distinct tubercles, 
having no visible ostiole. The spermatia are almost atomic as to size, about 
 jaoth long, and oblong. The elongated anastomosing filaments are so abundant as 
almost to hide the ordinary short ones. The envelope 
is of a pale greenish-brown colour. 


Species 5. R. homalea, Ach., 


~ Which grows in Australia and California. 7 

Specimen 1.--California ; in Hookerian Herb., Kew. The segments of the 
thallus are flattish, resembling those of Roccella fuciformis somewhat. The sper- 
- mogones are scattered, chiefly on the edges of these laciniz, and towards their 
tips, as black, punctiform, immersed bodies. They frequently become confluent, 
and, in old age, are sometimes very large, irregular, and maculiform. 


Species 6. R. ceruchis, heh: 


(Syn. Mont. ; Usnea, Mont. ; Borrera, Ach.). 
Specimen 1.—Chili, Cumine; in Hookerian Herb., Kew. The of the 
thallus are dotted over with large, black, roundish bodies, seated either directly 
on the thallus, or placed on thalline warts or tubercles; they are frequentiy 
confluent, and are then very irregular in form. The body of the spermogone is 
wholly immersed. The envelope is of a deep indigo-blue. The spermatia are 
— about gath long, with a breadth of sath; the sterigmata about jth long. The 
cortical layer of the thallus is frequently eroded at irregular intervals, the | 
white medullary tissue being thereby exposed. This gives rise to an appearance 
somewhat similar to.that possessed by var. articulata of Usnea barbata, in which - 
‘the central, white, medullary thread is exposed by decortication, at intervals, of | 
the thalline filaments or ramules. When this erosion occurs, the spermogone re- 
mains intact, and it then appears as a prominent, large, black papilla, contrasting 
well with the white medullary tissue which surrounds it. This plant also bears’ 
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some resemblance, in its general aspect, to Neuropogon melaxanthus. ‘‘ Lying 
without adhesion,” says TWEEDIE, apparently, of this curious lichen (in Herb. 
Hook.), ‘“ on laxe sands at Iquique, Peru, 2-3000 feet, where clouds often hang. 
Tint to sand green from a distance. One other minute yellow lichen on old bones, 
and a cactus on lofty rocks on the coast. No other plant on coast for 14 leagues 
inward, and then three only on the west mountains !” 

Specimen 2.—Var. gracilior, Nyl. (Syn. Usnea tumidula, Nyl.); Coquimbo, 
Cuminc; in Herb. Hooker, Kew. Its segments are round, narrow, and fili- 
form, and the whole plant has the aspect of &.. calicaris, var. canaliculata, Fr., 
or of 2. linearis. The spermogones are large, black, round superficial bodies, 


sparingly scattered about the ends of the ramules. This specimen also bear 


GENUS IT. Ach., Nyl. 


In this genus the spermogones are minute, black, punctiform, immersed, 
scattered about the angles of the erect thallus. The black points indicate the - 
ostioles, which lead to the immersed body of the organ ; they vary greatly in size, 
and are generally flattish, though sometimes papilleeform. The spermogones, ex- 
- ternally, closely resemble those of Roccella. As in Ramalina, the sterigmata are 
short, simple, linear cells; but they are much more irregular in outline, and are 
generally of greater diameter; they are generally similarly sub-ramose at base. 
Their length varies from yqth to auth long. But, unlike Ramalina, there are no 
elongated, anastomosing, sterile filaments intermixed. The spermatia also differ 
remarkably from those of Atamalina. ney. are linear, long, and slender, about 
oath and slightly curved. 


Species 1. D. madreporiformis, Ach. 


_ Specimen 1.—Switzerland ; in Herb. Hooker, Kew. The angles about the ends 
of the ramules are dotted over with the minute black points which mark the — 
_ ostioles, and which become brown when moistened. The spermatia are about 
sath long, with a breadth of ;;iath; they are very slender and beautiful, straight, 
or more generally slightly curved. The sterigmata are irregular dilatations of 
simple cells, or digitate prolongations of basal tubes. Sometimes, though rarely, - 

- they are composed of two or more simple irregular cells or articulations. In 
general they resemble those of Lecanora subfusea. 
Specimen 2.—ScHLEIcHEr exs., No. 67, 1814 (sub Lichen sadresitritiouile 
~Wutrr. Hat.., No. 1962); on top of Mount Letscherberg; in Herb. Hooker, Kew. 
The spermogones occupy the position they do in Sphewrophoron compressum, than 
whose spermogones, however, they are larger and not so crowded. They are 
generally scattered in groups of two or three together, near, but not on, the apices _ 
of the segments of the thallus. There are no spermogones in the specimen in 
_ Scua@rer’s exs. in Herb. Hooker. I have not met with apothecia on any speci- 


| 
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mens I have examined. The sterigmata vary greatly in length, being sometimes 
not above to long, and at other times auth to saath. 

Specimen 3.—ScuHzRER exs., 85 (sub Cladonia); on the ground on calcareous 
alpine heights. Intermixed with the spermogones, as above described, are 
numerous black, superficial, easily removable, conical minute bodies, which appear 
- to be the pycnides of a fungus. They contain small, ellipsoid, or oval ee 
on longish, delicate sterigmata. 


GENUS III. Dacryuina, Nyl. 


The spermogones resemble those of Dufourea in being black, punctiform, and 
immersed, scattered about the tips and along the sides of the erect podetia-like 
expansions of the thallus. The spermatia, however, are chiefly straight, linear, 
and smaller—about aoath long; and the sterigmata, — generally simple, are 
sometimes composed of a few articulations. 


(Syn. Debit of older authors.) | | 

~ Specimen 1.—FRANKLIN’s first voyage; in Herb. Hooker, Kew ; sterile. The 
plant consists of very large podetia, coming off like fingers from a horizontal 
branch or stem. The spermogones are scattered about the apices of these erect, 
digitate offshoots of the horizontal thallus, as well as along their sides, generally 
in groups of a dozen, or more. They are wholly immersed, and their presence is 
indicated by very minute black points. They occur equally on sterile and fertile 
podetia. The spermatia are rod-shaped, about goth long, with a breadth of 3 octh. 
The sterigmata are frequently about ;ath long, and are either simple linear cells, _ 
variously bulging in their walls, or composed * two or three linear elongated 
cells or articulations. 

_ Specimen 2.—Rocky Mountains, America ; Pt Ross ; Melville Island, Captain | 
Parry; Koby Sound, Beecuey; in Herb. Hooker, Kew. Spermogones occur on 
all these specimens, especially on those with a smooth thallus, for in some the — 
thallus is much wrinkled and lacunose, apparently from desiccation in an arid 
habitat. 


GENUS IV.—ALEcToriA, Pe pro parte, Nyl. 


The most common and familiar species of this genus, A. jubata,is interesting, in- 
_asmuch as, like Peltigera, it possesses pycnides instead of,—perhaps in addition to,— 
spermogones. I have never met with the latter, whereas I have several times found 
_ the former occupying the position, and having the outward semblance, of the latter. 
These bodie sare spherical or fusiform.warts or dilatations, generally seated at 

_ the junction of several thalline filaments or branches. They are large and con- 
spicuous when they occur at all, which is rare, and are apt to be mistaken for | 
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apothecia. The sterigmata are linear, simple, ramose at the base, as in Ramalina, 
and about jth to jth long. Each gives off from its apex an oval or pyriform 
-_stylospore, irregular in shape, and closely resembling similar corpuscles in the 
pyenides of Peltigera. vary in length from to sth, their breadth 
being frequently so small as south. 
In other species, spermogones of the ordinary characters occur. In A. lata they 
are minute, black, flattish tubercles or warts, scattered along the edges and about 
the ends of the delicate filiform ramuscles of the thallus. The spermatia are 
straight, linear, and very small, their length being about igath, their breadth 

- goth. The sterigmata are also linear, short, and simple, of equal width with - 
the spermatia, which appear as terminal cells, having a length of about smth to © 
snth. In A. Taylori the spermogones are quite of a different character, and 
assimilate those of Neuropogon. They constitute fusiform irregular swellings of 
the black apices of the ultimate ramuscles of the thallus, which swellings are 
studded over with numerous minute perforations or ostioles. Their cavity is 
‘generally compound or sinuous, a result of the confluence of many spermogones. 
The spermatia and sterigmata are similar to those of Usnea and Neuropogon, 
though considerably larger and more distinct than those of the former genus. — 
NYLANDER describes the spermatia of Alectoria as slightly thickened at both ends, 
OF —_— consiaicted or thinner i in the middle. This I have not _— observed. 


1. A. jubata, Ach. 


Which is widely distributed over the world, occurring in Europe, hiseion, and 


Asia. 


Specimen 1 ileus exs., No. 496 (sub Parmelia jubata § cana); on trunks 
of firs, Mount Gurnigel. | Spermogonal warts are abundant at the angles 


and junctions of the thalline filaments. The form and size of the contained cor- 


puscles, which I venture to call stylospores, are so irregular and variable, that 
they have the aspect rather of the bodies just named as they occur in Lecidea 

Smithii, L.Walrothii, Peltigera, and in other lichens, than of true spermatia, while 
the conceptacles in which they occur have rather the external aspect of spermo- 
gones than of pycnides. In many of the stylospores there is a dark spot like a 
nucleus, which is probably a rudimentary septum, a phenomenon which is never 


_ observed to occur in true spermatia. The spermogonal warts here are abundant, : 


black on the surface, irregular in outline, and generally flattened. 

Specimen 2.—Scu&RER exs. 392, associated with ELvernia divaricata, Ach. ; on 
the trunks of trees in alpine woods, Switzerland. The spermogonal warts are — 
_ precisely as above described. The stylospores are oval or pyriform, about goth 
to sth long, with a breadth of about jgjoth, of minute size, therefore, compared 
with those of Peltigera. The sterigmata are linear, simple, ramose at base, as in 
Ramalina, with a length of about to 


| 
| 
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Syn. Tayl. 

Specimen 1.—Mexico; in Herb. Hooker, Kew. The plant has the aspect of A. 
ochroleuca. The spermogones are plentiful, and easily seen. They are smali, 
brown, flattish tubercles or warts, varying in size, scattered about the edges and 
towards the tips of the delicate, filiform, thalline ramuscles. Their bodies are 
immersed in the. thallus, and from the fact of the latter being semi-translucent, | 
the depth of their immersion can be readily seen. The spermatia and sterigmata 
are as I have already described, and resemble those of Ramalina. 


Species 3. A. Taylori, Hook. 


1.—Kerguelen’s Land ; Antarctic Expedition, 1839-43 ; Dr Hooker. 

_ In its spermogones, as in its thallus or general aspect, this plant resembles 
 Neuropogon, asalready described. The spermatia are delicate needles, about 349th 
— long, resembling those of Parmelia tiliacea, P. physodes, and other Parmeliw. The 

sterigmata also resemble those of J’. tiliacea in being composed of a few delicate 

linear cells or articulations; others are, however, simple cells, sub-ramose at base. 


The spermatia and sterigmata are among the most beautiful with which Iam — 


acquainted. A parasitic punctiform Lecidea, which is apt to be mistaken for sper- 
‘mogones, occurs on the smooth and thicker part of the thalline ramules. I am 
not aware that it has hitherto been noticed or described, and I therefore propose 
for it the, at least provisional, name of Lecidea alectoriw, in reference to its habitat. 
It occurs also, however, on Nephromium cellulosum, Ach. It consists of minute 
round black points, sparingly scattered, flat or depressed, never papillate; they are 
wholly immersed in the thallus of the Alectoria, and having no thallus of their 
own, the apothecia may be said to constitute the plant. They resemble, in exter- 

nal aspect, the Lecidea vermicularia, which is parasitic under similar circumstances _ 
on Thamnolia vermicularis, but from which it differs in the characters of the spore, 
which is three-septate, and oval or ellipsoid. The theca are like those of L. vermicu. 
laria, being obovate and sac-like, irregularly and suddenly bulging, and not tapering 
gradually into a pedicel below as in the majority of thece. There are no distinct 
-paraphyses. This parasite occurs also on the back or lower surface of the © 
apothecia of A. Taylori. The spores of A. Taylori are those of our British Usnea 
barbata, and to the gents Usnea, in which it was formerly placed, i am inclined | 
to refer it along with the allied Newropogon neon. 


GENUS V. EverntA, Ach. Nyl. 


The spermogones of this genus are usually punctiform and immersed, of a 
black or brown colour, scattered about the ends of the lacinize on their flat sur- 
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face, or on their angular edges. They resemble those of many of the Parmelic, 
but are generally smaller. Sometimes they are more superficial or prominent, 
constituting wartlets or tubercles. Occasionally they are seated on wart-like 
or papillar elevations of the thallus, or they are surrounded by an inconspicuous 
thalline ring, giving them a pseudo-papillate character. They are marginal in 
E. Richardsoni, to the lobes or laciniz of which they give a denticulate or ni- 
grociliate character, as in Platysma nivale. Occasionally also they occur on tooth- 
like prolongations from the margin of the laciniz, in which event they resemble 
the spermogones of Cetraria islandica. The spermatia are straight, linear, rod- 
shaped, and small, varying from goth to gmth, averaging gath to jth. The 
sterigmata are ramose, and consist of a few delicate linear cells or articulations ; 

they vary in length from 7th to goth. Associated with are 

ramose, elongated, sterile filaments, like those of Ramalina. | 


Species 1. EZ. furfuracea, Mann., 


Which is very widely distributed over the world, occurring in Europe, Africa, 
Asia, and America. 

(Syn. Borrera, Ach.; Physcia, fidkew, En. 10; Parmelia, Scheer.) | 

Specimen 1.—Ingleborough, Yorkshire, 1855; coll. by Dr Deicuron. The 
spermogones are the minute black points or spots scattered over the smooth, 
light-gray ends of the lacinixe ; the spermatia are very small, only about ~ Long. 

_ Specimen 2.—ScHARER exs., 387 (sub Parmelia); on trunks of trees i » alpine 
woods. The spermogones are to be found, as in No.1, only on the smooth tips 
of the lacinize ; on the furfuraceous ones none can generally be discovered. The 
- extreme points of the lacinize are generally of a deep brown colour, and are apt 
to be mistaken for spermogones, like those of the genus Cladonia. The wares 
are about ,.th long; the sterigmata are very irregular, articulated, about , ath to 
The elongated, anastomosing, sterile filaments those of 
Parmelia physodes, or Ramalina. — 

Specimen 3.—Near Vera Cruz, Mexico; Peak of Orizaba, 1, 000 feet high, 1838; 
coll. by J. Linpen, No. 98; in Herb. Hooker, Kew. The spermogones are black 
or deep brown points, closely resembling those of Parmelia physodes. The sper- 
matia are about ;),th long, with a breadth of ;,',th, and are delicate needles. 
The sterigmata are about 1th to ,/,th long, and consist of a few linear articula- 
tions, as in P. physodes. 

Specimen 4.—Peak of Orizaba, Mexico; on oaks and pines, at 9000 t to 10,000 
feet; coll. H. Gateorr1, 1840; in Herb. Hooker, Kew. The spermogones are 
- brown points, sometimes on wart-like elevations of the thallus, or surrounded by 
a small thalline ring, which gives the appearance of a papilla. 


| 
| 
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2. prunastri, Ach., 


Which is less widely distributed than £. furfuracea; but which, sndertinlinn; 
occurs in Europe, Africa, and America. 

Specimen 1.—On North Berwick Law, near Edinburgh, August 1855; W. L. L. 
Its spermogones precisely resemble those of the preceding species, being black 
or brown points, abundantly scattered over the lacinize towards their tips. Their 
bodies are wholly immersed, with a simple cavity. Here the spermogones are 
apparently old, as they contain no free spermatia. Korper describes a minute 
parasitic Spheria as occasionally occurring on the thallus, and which is apt to | 
be confounded with or mistaken for the spermogones. | 


Specrzs 3. £. E. Richardsoni, Hook. 
(Sub Carerie. ) 

Specimen —Polar Seas; and Fort in Herb. 
Kew. Spermogones abound along the margins of the laciniz as minute brown 
tubercles, giving them a denticulate or nigro-ciliate character, as in Platysma 
nivale. When seated on small tubercles, spines, or cilia, which project from the — 
margins of the lacinize, as is sometimes the case, they closely resemble the sper- 
mogones of Cetraria islandica. They are very variable as to size. No free sper- 
-matia are found in any of them; they are apparently either old or degenerate. 

The character of the spermogones is, I think, at least one strong reason for asso- 
ciating this plant with Cetraria rather than Evernia; and I therefore am of 

opinion that NyLANDER has erred in altering Hooxer’s arrangement. 


Species 4. E£. A shneh 
ee. Borrera.) 3 
Specimen 1.—Saharunpore, 1850; Dr Jameson, in Herb. Royal Botanic Garden, | 
Edinburgh. The name and place in classification of this plant do not appear to 
have been yet determined. From its general aspect,—its apothecia and its sper- 
-mogones,—I am inclined to place it under this genus, beside Z. prunastri and E. 


furfuracea. The apothecia resemble those of E. prunastri, and are scattered about 


- the ends and over the surface of the lacinize. Its spermogones are punctiform, 
immersed, deep brown, scattered especially about the tips of the laciniz. 


FAMILY IIT. RoccELLEZ. 
GENUS I. RoccELLa, Bauh. 


The spermogones are generally in the form of minute black points, scattered : 

more or jess abundantly over the flattened or round segments of the thallus. The 

_ black points in question are the ostioles, the bodies of the organs being wholly 
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immersed in the thallus. These punctiform ostioles are usuaily flat on the sur- 
face, sometimes depressed, seldom papilleeform. Sometimes they are surrounded 
with a pale ring or collar of the thallus, and then they assume a pseudo-papillx- 
form aspect. In this case they may resemble the nascent apothecia. The sper- 
mogones are frequently confluent, sometimes becoming very irregular, even macu- 
liform. When spermogones do occur, they are usually very distinct, and easily 
recognised, from the contrast of their black colour with the pale reddish-yellow 
or buff colour of the thallus. In some cases they are most abundant towards 
the tips of the ramules; at other times they are scattered over the whole surface, 
or nearly from base to apex,—usually, however, of sterile ramules. Their cavity 
is rit Their size varies considerably, their diameter being, in R. tinctoria, 
jth to and in R. Montagnet to <,th. The spermatia are linear, deli- 
cate, generally curved more or less, but sometinies also straight and rod-shaped : 

in both cases they are obtuse at the ends, and of equal thickness throughout. 
Their length from to averaging about with a breadth of 
from ,;;th to ,;1,,th. The § sterigmata are linear, simple, delicate cells, ramose at 
the hase, as in Damolien, and sometimes of equal width with the spermatia. 
Ty vary in — from to th, with a of from ,,\.th to th. 


10,000 20,000 


SPECIES R. Ach., 


Which has the widest geographical range of any species of _ genus, . ‘occurring 
alike in Europe, Africa, America, and Asia. _ , 
Specimen 1.—St Ouen’s Bay, Jersey, 1851; in Herb. Hooker, Kew. The 
plant appears to me rather referrible to /. phycopsis. The tips of the lacinie are 

frequently dotted over with brown punctiform spermogones. | 
Specimen 2.—Mauritius ; Cape of Good Hope, 1822, Dr THom; both in Herb. 
_ Hooker, Kew. In both cases the spermogones are abundant as brown points. 


Specimen 3.—* Lima thickest Orchella weed,” imported from the west coast of 


; South America into London and Liverpool for the British Orchill manufacture ; 
_ given me by Messrs BengsAMin Smiru and Son, Orchill manufacturers, London, 
1851. The spermogones ‘are sparingly scattered in groups over the lacinie, and 
among the warts bearing the apothecia, in the form of minute, round, black, 
chiefly depressed points, resembling in external aspect the spermogones of Par melia 
tiliacea or P. physodes. n some specimens, instead of being depressed or 
flat, the ostioles are papilleeform or wart-like. They are then larger, rough on the 
surface, perched on thalline papille, isolated, or grouped two or three together 
on a large, distinct, thalline wart. The segments of the thallus are sometimes 
roughened over with these spermogonal warts. Sometimes the ostioles become 
confluent, and assume various irregular forms, especially stellate or lirelleeform 
appearances. In this case they are apt to be confounded with warts bearing 
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apothecia, which frequently assume similar appearances. The microscopic struc- 
ture at once distinguishes them. These warts, both spermogonal and apothecial, 
are frequently pruinose, or covered by a fine dust, derived from the surface of 
the thallus, which pruina obscures their naturally black surface. Sometimes the 
black ostiole is sunk in the thalline wart, which forms a pale, sub-prominent mar- 
gin around it. But more generally, as 1 have already mentioned, it is flattened 
or convex. The spermatia in all the different forms of spermogone just described 
are very beautiful and delicate, about ;1.th to th long, and curved or twisted 
_ like those of the subfusca group of Lecanoras. They are borne on the apices of 
linear delicate sterigmata, which are sub-ramose at the base, and are closely 
ageregated. The form of the immersed body of the spermogone is spherical, its 
- cavity simple, and the internal tissue, though originally white, becomes brown 
with age. | 


SPECIES 2. R. fuciformis, Ach., 


Which, though not quite so extensively distributed as the preceding species, ae 
occurs in Europe, Africa, and America. 
_. Specimen 1.—ScHARER, exs., 553; maritime rocks, shores of the Atlantic ; 


PeLver. One large segment of the thallus is studded over with prominent, irre- 


gular, black tubercles, which are old spermogones, containing no free spermatia. 
Specimen 2.—Imported from Lisbon into Liverpool under the name of “Chicken- 
weed,” for the British Orchill manufacture ; sent by Rev. W. A. Leicuton, April 
1856. The spermogones are sparingly scattered towards the extremities of the 
laciniz, as largish, black, distinct points. The spermatia and sterigmata differ 
considerably from those which occur in the spermogones of African specimens. 
The former are oblong or rod-shaped, very minute, resembling those of Ramalina, 
being about th to th long; the sterigmata also being like those of Ramalina. 
Specimen. 3. for the British Orchill manufacture, probably from the 
west coast of Africa; used in the manufacture of Orchill, under the name of “‘ mixed 
Orchella weeds,” by Messrs Rosinson, Huddersfield. Many of the specimens, 
at least, are corticolous, for they are found with small portions of the twigs. of 
trees or bushes attached. The spermogones are abundantly scattered over the 
lacinie as minute, round, brown points. These points or ostioles sometimes are 
_ surrounded by a pale thalline ring or margin, and they then somewhat resemble 
_ young apothecia. The spermatia are generally sickle-like or curved, not twisted 
or vermifcrm, about .\th long. The sterigmata are longish, linear, simple, deli- 
cate. In some specimens, in abundant fructification, the spermogones are unusu- 
ally large and distinct, scattered among the apothecia. The spermatia are rod- 
shaped or straight, about ,.th long. The sterigmata are short and sub-ramose at 
‘base. Occasionally the apothecia are dotted over with black, punctiform, de- 

- pressed spermogones; they are rendered distinct, when they occur, from con- 
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trast with the white-pruinose disk of the apothecia. These spermogones have the — 
usual characters of such as ordinarily occur on the thallus. The spermatia are 
small and curved, about th long, generated on the apex of simple or sub- 
simple short sterigmata. Hence it would appear, that in different specimens of 
the same species, apparently from the same locality or habitat, the spermatia 
and sterigmata differ considerably in character. This, however, is a phenomenon 
we constantly meet with in lichens. On some of the twigs on which the Roccella 
grows, I also find associated with the degenerate lirellee of a Graphis, resembling — 
Graphis scripta, a number of small, round, black spermogones, apparently be- 
longing thereto. The spermatia are curved, like those of the Roccella, about 3th — 
_ long, and borne on the apex of short, linear, simple sterigmata. | 


3. h. Montagnei, Bel. 


Occurs in equinoctial Africa, India, and Java. This and the following species 
are intermediate, in regard to the characters of the —" between ft. tinctoria 
and fuciformis. 

The spermogones are quite those of the species ‘eat named. Indeed there is — 
considerable uniformity in the species of Roccella, in regard, at least, to the ex- 
ternal character of the spermogones. TIlere they are scattered zither on the 

general surface, and especially towards the tips of the lacinize, or on the angles of 
the laciniz, when these exist. : 

Specimen 1.—Aden, on twigs and rocks; top of Dhemsen 1700 
feet high, 1847; Dr Hooker, in Herb. Hooker, Kew. Some specimens closely _ 
resemble, in the characters of the thallus, the genus Ramalina, in which it has 
been inadvertently placed in the Hookerian Herbarium. 

Specimen 2.-—Madras, plentiful on the trunks of the Mangifera indica; ex. 
Herb. Montagne; in Herb. Hooker, Kew. Old spermogones, with lacerate-fis- | 
sured black ostioles, are scattered about the ends of the lacinie. | 

Specimen 3.—Java, Lobb; in Herb. Hooker, Kew. The sorediiferous tips of 
the segments of the thallus are dotted over with punctiform ani teaiiie having 
quite the characters of those of tinctoria. 

Specimen 4.—Imported, under the name of “ Angola Orchella weed,’ sg from. 
the Portuguese settlements of Angola, on the west coast of Africa, into London 
- and Liverpool, for the British Orchill manufacture; sent by Messrs BenJamin 
Situ and Son, Orchill manufacturers, London. The plant grows on the twigs of 
trees and shrubs about the sea-coast. The lacinie are frequently angulose or 
terete-compressed. I find two forms of spermogones. The one occurs as minute 
dark brown points, dotted over the surface of the lacinise, generally in large — 
groups or masses. The other is in the form of large, round, or irregular, promi- 
nent, superficial, black tubercles. sparingly scattered, and resembling young apo- 
thecia. In the former the spermatia are curved, delicate, or of great tenuity, 
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about +.th to sth long; the sterigmata short and unassociated with elongated. 
ramose, sterile filaments. In the larger form of spermogones, on the other hand, 
_ the spermatia are generally short, thickish, and rod-shaped, or straight; the — 
_ sterigmata longer, and accompanied by delicate, anastomosing, elongated fila-— 
ments, as occurs in Ramalina. It is interesting to note that there is a similar 
diversity in the characters of the apothecia in this species, and, indeed, in most 
or all the species of Roccella. In none, perhaps, is this diversity so easily studied 
as in #2. tinctoria. A similar difference in the form of the spermatia occurs in 
Opegrapha vulgata, in which they are found of all intermediate degrees of size 
and shape between short, straight, rod-shaped, and longish, graceful, cresceni- 
like spermatia. On some of the twigs on which 2. Moniagnei grows, occur minute, 
black, punctiform spermogones, containing rod-shaped spermatia about 
long, borne on short, linear, delicate —: which appear referrible to some 

of the idee. 


SPECIES 4. R. 


Which occurs saadly in Europe and Africa. As I refer R. Montagnei to the 
_ fuciformis or flat-lobed type, I am inclined to refer this species to the tinctoria 
or round-lobed form. 

Specimen 1.—Among the mixed Orchella weeds sent by Messrs Ropinson of 
Huddersfield, and probably collected on the west coast of Africa. The laciniz 
are angulose or terete-compressed, and are dotted over with spermogones having 
all the aspect of those of #. tinctoria. In some spermogones the spermatia are | 
straight, rod-shaped, and about jth long; while in others on the same speci- 
men they are slightly curved. In] both cases they are of great tenuity, and are — 
borne on ageregated, delicate, linear, simple sterigmata. 


Species 5. intricata, Mont. 


Specimen 1.— Coquimbo; in Herb. Hooker, Kew. Spermogones are abun- 
dant, as largish, distinct, superficial, black points, frequently surrounded by a ring 
~ or collar of the thallus. In the latter case they may resemble nascent apothecia. 
The spermatia are straight or slightly curved, about {th long, with a breadth of 
the sterigmata are short, simple, ramose at base, and about 


6. R. mollusca, 


Syn. Dufourea pruinosa, Nees. ) 

This species, which is a native of the Cape of Good Hope, differs from other 
species of the genus, both in its general aspect somewhat, and in its possessing 
terminal instead of lateral apothecia. Its spermogones are, however, quite these 
of the other species I have just described. 

Specimen 1.—In Herb. Hooker, Kew. The yon are ditties round, 
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black, flattened spots, which are the ostioles of immersed nuclei. They are scat- 
tered over both sterile and fertile segments of the thallus, especially about the 
tips, but are most abundant on the former. The spermatia are straight or slightly 
curved, about ,j,th long, with a breadth of =~,th; while the sterigmata are 
simple, somewhat irregular, short, linear cells, sub-ramose at base, with a length 


of to and a breadth of to ;,4,th. Both spermatia and sterigmata 
closely resemble those of the preceding species. _ 7 


FAMILY IV. 


This is altogether an anomalous and puzzling family, whose place in classifi- 
cation is, as yet, only provisional, from none of its species having been found bear- 
ing apothecia. In the typical genus Siphula, I have never found even spermogones; 


but I have had the opportunity of examining only S. ceratites, Fr., which grows 


in northern Europe (Lapland), Asia (the Himalayas), and in arctic America, In 
Thamnolia, however, I succeeded in finding spermogones several years ago, and, 


at the time of their discovery, [ was not aware that my observations had been 
anticipated by any previous author. NyYLANDER has, since that date, referred to 


its spermogones in some of his publications; but he has not as yet fully described 
them. His observations, however, so far as they go, do not quite correspond 
with my own. Theonly species I have examined is 7. vermicularis, which grows 
in arctic or alpine parts of Europe, Asia, and America. 


GENUS I. Tuamnotta, Ach., Scherer. 


_ This curious genus has been hitherto included in the genus Cladonia ; but the 
character of its spermogones at once separates it. In Cladonia the spermogones 
are generally terminal, and of a different colour from the thallus, the spermatia 
curved, and the sterigmata short and simple. In Zhamnolia the spermogones are _ 


- lateral and concolorous with the thallus, the spermatia rod-shaped and straight, 


and the sterigmata longish and articulated. The spermogones are the large, © 
irregular, prominent warts, frequently scattered over the thallus,—of the same 
colour therewith, and having no conspicuous ostiole. They must be compara-— 
tively familiar to lichenologists; but it is seldom that the spermatia and sterig- 
mata can be found; at least I have examined several dozens of specimens from 
every variety of habitat, and, though I long suspected these warts of being sper- 
mogones, T have only been able to satisfy myself as to their true character—by 


- discovering the spermatia and sterigmata—in a single instance. NYLANDER’S: 


description of the spermogones does not at all agree with my observations. He 


_ says they resemble the perithecia of an Endocarpon. Now, I have never found 
them punctiform and immersed, as this description would imply; but his words — 
might apply perfectly to a minute, punctiform, parasitic Lecidea, L. vermicularia, © 


mihi, which I have frequently found growing on the thallus. Again, the sper- 
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matia appear to me to be simply linear and rod-shaped, of equal width through- 
out; while NyLANDER describes them as slightly thickened at both ends. This 
_ difference in our observations might arise from his using higher magnifying 
powers than I am in the habit of employing. Probably this character, if it 
exists, is not a very prominent one. In respect of size and thickness of walls, 
the arthrosterigmata of this genus, like those of Baomyces, are intermediate be- 
tween those of Sticta and those of Parmelia,—the sterigmata in the latter 
having longer and fewer articulations or cells; those in the former genus being 
altogether broader and stronger, the component cells being more cubics, and 
having much thicker walls. | 


SrectEs 1. 7’. vermicularis, Scheerer. 


Gyn. Cenomyce, Ach. ; Cladonia, D. -Cladonia a maurocrea B vermicularis, 
Kors. 26.) : 

Specimen 1.—ScH2ZRER exs. 86 (sub Cladonia vermicularis a subuliformis.) 
On the ground in alpine situations ; Switzerland. The specimen includes two 
forms of the plant, viz., a larger, coarse, and turgid form, corresponding to the 
var. turgida of Cladonia uncialis, and a smaller, ordinary, vermicular form. 
It is on the former, more particularly, that the spermogones occur. This is the 
only case in which I have as yet satisfactorily seen the spermatia and sterig- 
mata of the spermogones. The latter occur abundantly as largish, prominent, 
roundish, flattened, or irregular warts, of the,same colour as the thailus, with an 
obscure, central, stellate-fissured ostiole. The internal walls are formed of 
arthrosterigmata, resembling those of Sticta and Collema. They consist of short, 
_ thick-walled cells, irregularly articulated so as to give the whole sterigma a very 
zigzag outline. The spermatia are small, rod-shaped, about ..th long, with a 
_ breadth of ;.* th, bristling over the sterigmata, as in the genera above named, 

and attached t to the apices of the individual articulations or cells. In external 
aspect the spermogones are somewhat analogous to those of Usnea and Ramalina ; 
but they are generally isolated and sparingly scattered in Thamnolia. 

_ Specimen 2.—Falkland Islands; Antarctic Expedition, 1839-43; Dr Hooxer. 
The hollow, vermicular, creeping stems are dotted over with minute, black, 
round, immersed bodies, frequently depressed or flattened, which bear a close 
resemblance to the spermogones of Joccella. These, however, are the parasitic 
apothecia of a Lecidea. The thece are irregularly obovate, bulging here and 
there from pressure by the contained spores, not tapering below into a pedicel, 
but sac-like, and resembling the thecee of Arthonia. They do not give a blue 
reaction with iodine. The spores are eight in each theca, brown, 1-septate, 
oblong-oval, with a constriction opposite the septum, which gives them a figure- . 
of-eight appearance. I am not aware that this parasite has been hitherto 
described; and I therefore venture to propose for it, in allusion to its habitat, 
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the name of Lecidea vermicularia. It closely resembles, in external aspect, the 
parasitic Lecidea alectoriw, which inhabits the thallus of Alectoria Taylori, whose 
_ spores, however, are 3-septate. 

| Specimen 3.— Falkland Islands; Dr Hooker; : in Herb. Hooker, Kew. A few 
thalli bear the parasite above described. Its spores are soleaform, resembling 
those of L. Smzthii, about ,J,,th to long by broad. 

Specimen 4.—Var. taurica, which is merely a short, turgid, spermogoniferous 
form, as described in No.1; Cairngorm, Aberdeenshire Highlands ; in Herb. 
Hooker, Kew; in very large handsome patches. There are here associated both 
soredic and spermogonal warts: the former can at once be distinguished, on — 
microscopic examination, from young spermogonal warts, where spermatia occur ; 

but when the spermogones are old, as in this case, the distinction becomes very 
difficult. Here the spermogonal warts are comparatively large, and resemble 
the young apothecia of Lecanora parella somewhat. They have a distinct, ring- 
like margin, and a pale brown, disk-like ostiole, which becomes semi-pellucid on — 
being moistened, In the young state they are mere thalline papillae, with a 
_ brown apex, which is the round ostiole. An annotator in Herb. Hooker remarks, 
- in regard to these warts, of date 1810, [probably Dr Turner],—“ Can this be the 
fruit of Beeomyces vermicularis ? Hurron had two or three morsels besides; but 
I could not get more from him, as he had promised them to Mr Gispornr. I _ 
thought the best of them looked much like the tubercles of B. roseus.” It is 
most interesting to note here the association of this species under, or in, the 
genus Beomyces ; for the spermogones of Thamnolia and Beomyces, as I have 
already pointed out, bear a marked resemblance. In my researches I have con- 
stantly been struck with the extreme accuracy of the older lichenologists, an_ 
accuracy remarkable in the absence of that now all-important aid to the ob- 
server, the microscope. It has been customary to decry the classifications of the 
older authors on lichenology, and to abolish their nomenclature; but I do not 
hesitate to avow my preference both for their classification and nomenclature, as 
contrasted, at least, with the modern systems of the German school, if, at all events, 
we may take the monographs of Bayruorrer and K6rberR as types or speci- 
mens thereof! In addition to the soredic and spermogonal warts above described, 
there occasionally, though more seldom, occur warts which appear to be bullosities 
of the thallus,—large, very rugose, and irregular ; they are dotted over with black, 
punctiform bodies, which, though I have not detected in them the characteristic 
spores, I have no hesitation in referring to my L. vermicularia. 

I have found spermogonal warts in specimens collected by myself on Lochna- 
gar, Cairngorm, and Ben M‘Dhui, Braemar ; on Ben Lawers, Perthshire; and on 
the Dovrefjeld range of mountains in Norway. I have also met with them occa- 
sionally in the following valuable suite of specimens contained in the Hookerian | 
Herbarium at Kew :— 
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1. Small or ordinary form: Huamantonge, and on the Pampas of the Cordil- 
ss South America; Port Louis, Dr Hooker; FRANKLIN'S first voyage ; Port 
Bower; the mountains of Canlochan, Clova, GarpinER, 1844; hill above the 
Corrie of Clova, GaARDINNR, 1843; Ben Aven, Braemar, spreading over Cetraria 
-aculeata and Trichostomum lanuginosum, GarvineR of Dundee. 

2. Short, turgid form, var. tawrica of authors: Bomasas, Garkmiil, on the 
Himalaya, 16,000 feet high, ex. Herb. Srracuey and Winrersortom; LeHon; 
Spruce’s “Lichenes Pyrenzi;” British North America; Melville Island, Sir E. 


Parry; Hartz Mountains, Dr NOuDEN ; ; Ben Lawers; Mael Graedha, 1810, coll. 
by Borrer. 


FAMILY V. BA2oMYCE. 


GENUS Bzouyces, Pers. 


In this , genus the spermogones are with great difficulty visible, and are sel- 
dom to be met with. I have seen what I regard as the spermogones—for I have 
not been able perfectly to satisfy myself—only in a single instance, in B. placo- 
phyllus. There they occur on the horizontal or flat foliose thallus, as punctiform, 
immersed, black or brown bodies, somewhat irregular in form. The spermatia 
are very minute, ‘rod-shaped, or oval; the sterigmata very narrow, delicate, and 
consisting of numerous short cells or articulations. In respect to the size of these 
individual articulations, and their general thickness, the arthrosterigmata of 
Beomyces are intermediate between those of Collema or Sticta, and those of 


Parmelia, as, indeed, I pane out under the head of Thamnolia 
vermicularis. 


Specizs B. placophyllve Ach., 


_ Which grows in northern Europe, and northern America. 

Specimen 1.—Near Blair Atholl, 1810; Borrer, in Herb. Hooker, Kew. The 
horizontal thallus is studded over with minute, black, punctiform, or irregular | 
bodies,—-immersed in the thalline tissue,—which appear to be its spermogones, 
but in which I could find no free spermatia nor distinct sterigmata, so that I am 
in doubt as to their nature. Here there is no fructification nace The © 
thallus is s parmelioid, thick, foliaceous, buff-coloured. | 


SPECIES 2. B. roseus, Pers. 


The most familiar species of the genus, perhaps, which occurs in Europe, 
_ America, and New Zealand. Its arthrosterigmata are the most delicate known 


in lichens as to thickness, being ony about it sooth to rsonth broad. 
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Species 3. B. rufus, Ach. 


(Syn. B. rupestris, Pers.; Biatora byssoides, Fries., ; Sphyridium fungiforme 
Schrad., Kors., 273.) 
Like B. voseus, this species occurs alike in Europe, America, and New Zealand. 
KorBER describes its spermogones as small, brown warts, sometimes compara- 
tively — with oval spermatia. 


Species 4. B. iemadophilus, Ach. 


_ (Gyn. Lecidea, Ach.; Biatora, Fries.; Lichen ericetorum, Smitix Engl. Bot., 
372; Lecidea wruginosa, SCHAR. exS., 216; _Lemadophila @ruginosa, 
| Korb., 151). 

This species has a comparatively vide esoatlihical distribution; occurring in 
Europe, North America, and India. Korper says, he never found separate or 
isolated spermogones in this species. But once, on making a section of an apo- 
thecium, in a part of the hypothecial tissue he came unexpectedly upon a number 


of atomic, linear bodies, endowed with a molecular movement, having all the ap- 


pearance of spermatia. He evidently means to imply, that the spermogones here 
are sunk in the hypothecium below the hymenium of the apothecium; for he 
throws out the suggestion, that they may stand in the same relation that those 
of Celidium fusco-purpureum do according to TuLAsNE.* I have found this posi- 
tion of the spermogones in one or two instances only ; but I suspect that it is not 
so uncommon as we are at present led to believe. In such a position, spermo- 
gones are extremely apt to be overlooked, and it were well, I think, that the 
attention of future observers in ere should be directed to this circum- 
stance. 


FAMILY. VI. SPHBROPHORE. 


~ 


GENUS I. Spuaropnoron, Pers. | 
_ The spermogones may be described, in general terms, as small but distinct 
black or brown cones or tubercles, either perched singly on the tips of the ultimate — 
ramuscles, as in S. coralloides, or scattered in groups along the zigzag or angular 
edges of compressed, flattened segments, as in S. compressum. They are some- 
times dotted over the angles of the ramuscles in S. coralloides ; but this is very 
rare, while it is a general phenomenon in S. compressum. In S. coralloides, the | 
cone form predominates, with a brown colour ; in compressum, the flattened tuber- 
~ culated form with a black colour. In the former, the shape is intermediate be- 
tween the barrel-like spermogone of Cladonia or Cetraria, and the papilla of Sticta 
«Mémoire pour servir a l’Histoire Organographique et Physiologique des Lichens.” By 


L. R. Turasne, Aide-naturaliste au Muséum d’Histoire Naturelle, Paris. Annales des Sciences 
Naturelles, 3d Series, vol. xvii., Botanical Part, 1852, p. 121; Plate 14, f. 12. 
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or Parmelia. In the latter species (conuprecons), the spermogone is frequently a 
mere flattened wart. In both, the spermogones are usually very distinct, from 
the contrast of their colour with the pale gray, or buff-yellow, waxy tint of the 
thallus. Sometimes they are scattered over the under surface, which is paler or 
whiter than the upper, as in some forms of compressum, in which case they are — 
still more distinct. The ostiole is generally very minute and imperceptible; but 
frequently also it is large and patent. In the latter case, the spermogone may 
present the appearance of a flattened cone with a depressed apex, or of a brown 
or black ring, as is frequent in compressum. Moreover, in the old state of the 
-spermogone, the nucleus sometimes falls out, leaving irregular, sauccr-shaped 
cavities. The ramuscles bearing spermogones are generally much more narrow 
and delicate than those bearing apothecia, which latter indeed are not unfre- 
quently fastigiate or thickened in tencrum and coralloides. Gentle pressure in a 
drop of water, between glass slides, of one of the spermogones, causes the emission 
of myriads of spermatia, which are minute corpuscles, oblong, rod-shaped, or sub- 
ellipsoid, —generall y straight, but sometimes slightly curved ;—they are obtuse at 
the ends, and vary in length from gath to ath, with a breadth of about sjeth. 
_ The sterigmata are short, linear, simple cells, subramose at the base, and of equal 
breadth with the spermatia. They resemble those of Cladonia, and are about 
wath to jth long, with a breadth of »ioth. Sometimes they are composed of 
a few delicate linear cells or articulations. Sometimes intermixed with the 
_ ordinary spermatiferous sterigmata are numerous elongated, sterile, anastomosing 
filaments, resembling those of Ramalina. The spermogonal envelope is usually 
of a brown cellular tissue. Link makes a very careless and improper use of the 
term “ Sporangium,” as applied to the reproductive organs of Sphwrophoron, a 
term which is usually applied only to the spore cases of Ferns and Mosses. He 
evidently refers to the apothecia rather than to the spermogones, when he says,— 
_ “Constat sporangium e thecis appositis, parallelis, ut in Opegrapha, aliisque que: — 
tamen fatiscunt et indumentum pulveraceum quo distinguitur constituunt.”* 
The figure he gives is, moreover, very bad and unlike nature. | 


Which has. a wide geographical range, being found in Europe, Northern America, 
the Antarctic Regions, and the Canary Islands. TuLasNe seems to have been 
singularly unsuccessful in discovering the spermogones of this species, which he ~ 
describes as similar, in site and structure, to those of S. compressum. They are, 
in almost all the specimens examined by myself, solitary and apical, large and. 
_ cone-like, while those of compressum, according to my eeere, are lateral, 
_ grouped, flattened, and irregular. 


* « De Spheropliori Sporangio Observatio.” By H. F, Link, p, 465, Plate xi., fig. 2. 
Linnea,” vol. vii, Berlin, 1832. | 
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Specimen 1.—Glen Dee, Braemar, on quartz boulders; in abundant fruit ; 
August 1856, W. L. L. The spermogones are abundant on the tips of the smaller | 
ramuscles, which surround those bearing apothecia. They are deep brown, cone- 
shaped bodies, with an imperceptible pore or ostiole; they are generally single, 
one on each ramuscle; occasionally they are grouped in twos or threes. In general 
appearance they somewhat resemble the spermogones of Cetraria islandica. 
The spermatia are straight and rod-shaped, about gzath to sth long. On first 
emerging from the spermogone, they frequently appear sub-ovoid or ellipsoid, 
probably from their being coated with some of the spermogonal mucilage in which 
they are imbedded. In other specimens, on granite, the spermogones are some- 
what older; they appear as deep brown rings, occupying the same site as above 
mentioned. Tere the ostiole is large, round, and patent, as in Cladonia. The 
envelope, as in the former case, consists of a deep brown cellular tissue. The 
sterigmata are sometimes composed of a few delicate linear cells or articulations. 
The spermatia are even smaller than those above described, being only about 
ath, and they are more frequently sub-ellipsoid in form. 

Specimen 2.—On boulders of granite and other rocks; roadside opposite In- 
vercauld, Braemar, August 1856, W. L. L.; sterile. Here the spermogones are 
old; the cones are flattened on the apex; the ostiole large and patent, with a 
prominent, brown, thick margin, and depressed —a so as to give the 
spermogone a saucer-like appearance. 

Specimen 3.—On rocks of mica slate and gneiss, Craig-y-Barns, Dunkeld, April 
1856, W. L. L. Young spermogones are abundant on the brown tips of the ulti- 
mate ramuscles. ; 

Specimen 4.—Walls, Ingleby Park, Cleveland, Yorkshire, 1856, collected by 
W. Mupp. The spermogones are here sparingly scattered on the brown tips of the 
most delicate ramuscles;, they are papillar, with an imperceptible ostiole, and are 
easily recognised from the contrast of their deep brown :, aolone with the ‘pale 
-waxy-gray of the thallus. | 

Specimen 5.—Straits of Magellan, Winnie; in Herb. Hooker, Kew. The 
plant i is sterile, and the whole thallus is much warted and deformed. The tips 
of all the innumerable terminal ramuscles of the much-branching thallus are — 
studded with black, papillar spermogones. 

Specimen 6.—Russian America, 1837, and North-west America, Dovexas; : in 
Herb. Hooker, Kew. The spermogones are here arranged as in compressum ; 
they are few, and scattered on the angles about the ends of the ramuscles, as well 
as seated on their apices. ‘This may be regarded as a transition form between 
‘coralloides and compressum. A specimen from Jamaica, Wison, also in the 
Hookerian Herbarium, is labelled compressum by NyLaNnDER himself; it certainly 
has the spermogones of the latter: but the thallus has all the aspect of that of 
coralloides. in American specimens, the thallus generally branches much, and is 
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long and lax. In S. coralloides, the ramuscle, at its tip, generally suddenly bulges 
out or becomes thickened below the insertion of the barrel,—or cone-like, sper- 
mogone. 
Species 2. S. fragile, Pers., 
Which has nearly as wide a geographical range as the preceding species, of which _ 
indeed I regard it but as a variety. The plant is ceespitose and dwarf; its ramuscles 
single, or branching little, and closely aggregated. 
Specimen 1.—Moveror and Nestier’s exs., No. 263; in Herb. Royal Botanic. 
Garden, Edinburgh. The rian deme papillze are isolated and terminal, precisely 
as in S. coralloides. 
Specimen 2. sibilant Dunkeld, 1856, W. L. L.; sterile. The spermo-— 
gones are young, and constitute the brown tips of the —_— closely aggregated 
ramules. | 


SreciEs 3. S. tenerum, Laur. 


If it is not to be considered but a variety of S. coralloides, it is very closely 
allied, both in the general aspect of its thallus, and in the site and structure of its 
spermogones. The latter are terminal and isolated, each being seated on me tip 
of one of the extremely narrow, linear, delicate ramuscles. 

Specimen 1.—Hermite Island, Cape Horn, Antarctic Expedition, 1839-43, 
Dr Hooker. The spermogones are minute, black, round tubercles, with an in- 
appreciable ostiole ; they are smaller and darker than, but otherwise of thesame _ 
character as, those of S. coralloides. The spermatia are rod-shaped or sub-ellipsoid, 
about sath to jath long, and are given off from the apices, as well as sides, of 
the delicate indistinct sterigmata, which are composed of a few delicate linear 
cells or articulations, and are sub-ramose at base. Some specimens have branches 
somewhat short and thick; in them the spermogones occur in the form of clus- 
tered warts, resembling those of Stereocaulon. 

Specimen 2.—Lord Auckland Islands, Antarctic Rusedision, 1839-43, Dr 
Hooker. Abounds both in apothecia and spermogones. The ramules bearing 
the former are strong and fastigiate, scarcely ramose; those bearing the latter — 
are filiform, extremely delicate, and very ramose. The spermogones are black: 
papillse or warts precisely as described in No.1. The spores are quite those of 
S. cererem an additional — for merging in this species Ss. tenerum. 


Spacies 4. S. compressum, Ach., 


Whose lead range is, at least, as extensive as that of S. coremnidan, « occur- 
ring in Europe, America, the African Islands, and Australia. 

Specimen 1.—Tasmania, Antarctic Expedition, 1839-43, Dr Hooker. The 
thallus is of a pale-yellow on one surface, the upper, which is convex; whitish 
_ on the under surface, which is somewhat concave; the edges of the segments — 
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are much notched. Scattered along the notched edges, especially towards the 
extremities of the branches, and on their under or pale surface, are the sper- 
mogones, which are round, black, flattened warts. In some, the ostioles are small 
or imperceptible, more generally they are distinct, and frequently they are so 
large and patent that the spermogones have the aspect of mere rings. Some- 
times the body of the spermogone falls out, leaving an irregular saucer-shaped | 
cavity. In foreign specimens, this species is very distinct from S. coralloides in 
the aspect of its thallus, and in the character of its spermogones, at least as to 
their external appearance and site. But in British specimens this is less evident ; 
most British specimens of S: compressum, so-called, are, however, really referrible 
to S. corallodes. The spermatia of S. compressum are sub-oblong or rod-shaped, 
sometimes sub-ellipsoid, generally obtuse at the ends, about sth to smooth long. 
| They are borne on the apices of extremely delicate, linear, simple sterigmata, ra- 
~ mose at the base, and resembling those of Cladonia. The spermogonal walls, in- 
ternally, give rise, in addition, to a number of ramose, elongated, anastomosing 
filaments, like those of Aamalina. 

Specimen 2.—Lord Auckland Islands, Antarctic Expedition, 1839-43, Dr 
_ Hooker; in fruit. The spermogones are the same as those which occur in Tas- 
manian specimens, and described in No.1. They are chiefly scattered on ramules 
destitute of apothecia; but they also occur, to a minor extent, on the small ra- 
mules, which frequently come off below the apothecia. The envelope is of a bluish 
cellular tissue. The sterigmata are extremely delicate and indistinct, and branch 
only from the base. Ramose elongated filaments are very abundant, filling the 
cavity of the spermogone. The spores are those of S. coralloides. . 

Specimen 3.—New Zealand; Auckland Islands, Dr Hooker; Van Dieman’s 
Land; Tasmania, Gunn; in Herb. Hooker. The spermogones are always scattered 
over the under pale or channeled surface, where there is a distinction between 
the two surfaces. There would seem to be a gradual transition between S. coral- 


* -loides and S. en, in regard to the character of the ramules and spermo- 
gones. 


Specimen 4. —Port Famine, in Herb. Royal Botanic Garden, Edinburgh, is 
beautifully studded over with very distinct spermogones. 

Specimen 5.—Connemara, 1805, Dr Mackay; Miss Hutcutns, 1810, probably 
also from Ireland; in Herb. Hooker, Kew. The thallus is pale and waxy, and the 
spermogones are undoubtedly those of S. compressum. As a general rule, they 
are more abundant in this species than in S. coralloides. Korper, indeed, seems. 
_ to believe that they never occur in the latter ; at least he remarks, “ Spermogo- 
nien sind bis jetzt nur bei S. compressum aufgefunden worden.” 

_ Speciinen 6.—North-west America. Spermogones scattered, few, isolated 
about the angles and end of tke sterile ramules; Cotopaxi, Jameson; Jamaica, 
Purviz; New Granada, Purpie; Cape Horn, Dr Hooker, sterile specimens 
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abundantly spermogoniferous; Falkland Islands, Dr Hooker, thallus much de- 
formed; Van Dieman’s Land, Fraser; New Holland, Fraser; Tasmania, As- 
bestos Hills, Gunn; Van Dieman’s Land, Gunn,—all these specimens are in the 
Hookerian Herbarium, Kew. However variable the thallus, the disposition of 
the spermogones is always the same. In Van Dieman’s Land specimens, the apo- — 
thecia are sometimes seated in the axils of divergent spermogoniferous ramules. _ 

Specimen 7.—Var. australe, Laur. ; New Holland, Sieser; an authentic speci- 
men of LaureEr’s plant, from the Rev. Bapineton, in Herb. Hooker, 
Kew; also, New Zealand, Cotenso, in Herb. Hooker. This is a large handsome 
plant, but certainly only an exaggerated form of S. compressum The spermo-— 
gones occupy the same position that they do in S. compressum, being scattered 
about the ends of the ramules, on the angles and prominences, which abound there- 
on. But the ends of these ramules vary considerably in character. Sometimes 
they are broad and fastigiate, at other times simple and narrow. In the latter 
case, the spermogones are generally terminal and isolated, as in S. coralloides. 
Whether isolated or grouped, they are largish, black, round, semi-immersed bodies, 
generally very distinct, especially if, as is frequently the case, the thallus is pale 
gray, or cream-coloured, and waxy. The spermatia are oblong or rod-shaped and 
straight, or they may be very slightly curved ; their length averages sath, and 
their breadth so,th. The sterigmata are simple, linear, very delicate, ramose be- 
low, as in Ramalina ; their length averages about jth to ath, and their breadth 
»outh, or, in other words, they are of equal width with the apormata. : 


GENUS I. Lév., Tul.,* 


In external characters, the spermogones are closely allied to those of Sphare- 
_ phoron, especially of S. coralloides, being seated on the tips of sterile ultimate ra- 
muscles. Their character is sufficiently represented by that of the —— 

_ of the single species of the genus, A. spheerophoroides. | 


1. A. Lév., 


Which appears peculiar to the mountains of Mexico and India. 

Specimen 1.—Wallanchoon, Sikkim, Himalayas ; alpine region, at an dlevetion 
of 13,000 feet; Dr Hooker, in Herb. Hooker, Kew; both apothecia and spermo- 
gones abundant. The spermogones occur at the ends of sterile ramuscles, which 
are frequently fastigiate, and very much warted; the irregular warts resembling 
those of some Stereocaula. The spermogones are punctiform, brown, most irregular 
in form and size; these are ostioles leading to immersed, compound spermo- 
gones. The spermatia are oblong or sub-ellipsoid, about lon with a breadth 

of sooth, and very on articulated sterigmata. 


* Mém. Lich, t. ‘15, f. 10-12. 
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FAMILY VIL. STEREOCAULEZ. 
GENUS I. StTEREOCAULON, Schreb. 


The spermogones are very irregular warts, which sometimes cover the sterile 
ramules about their ends; sometimes are seated immediately below the apothecia, 
to which, when aggregated circularly, they form a kind of collar. Soredic warts 
also occur abundantly on the different species of this genus; but the spermogonal 
ones are generally distinguishable, without having recourse to microscopic exami- 
nation, by their black or brown ostioles, which are generally round, stellate, or 
triangular, according to their age. These ostioles lead into the body of the sper- 
mogone, which is wholly immersed in the warts in question. The internal tissue 
is sometimes blue, and this colour shines through the thin walls of the spermogone. 
Hence, the ostiole has occasionally the appearance of being seated in the centre 

of a bluish-black spot or areola, as in S. argus. The envelope or capsule is of a 
_ pale brown cellular tissue usually; the cavity simple or sinuous, frequently the 
latter. So abundant occasionally are spermogonal warts as to constitute what 
have been described by the older authors as distinct varieties, ¢.g., var. stigmatea 
of S. tomentosum of FLorow. But, on the other hand, they are frequently recog- . 
-nisable with great difficulty, and are seldom to be met with. I have examined 
many hundred specimens of species of Stereocaulon, without having met with the 
spermogones more frequently than a few times. Sometimes the spermogones are 
terminal, and resemble nascent apothecia. The sterigmata are simple and short, 
frequently sub-spherical ; the spermatia are either straight and rod-shaped or | 
slightly curved. They vary in length from sth to aoth, averaging about gqth — 
to sath, with a breadth of to 


‘Specizs 1. S. Fr., 


bee Which occurs in Europe, America, and Asia. 


Specimen 1.—Hill heaths above Bonhard, Perth, July 1855, W. se. 
spermogones occur on specimens bearing no apothecia, as small brown warts, 
- scattered about the ends and along the sides of the ultimate ramules. They some- 
what resemble small apothecia, are flattened, round, or irregular, with a round 
ostiole, generally of the same colour as the wart, and indistinct in its outline. The 
envelope is of a brown ceHular tissue. The spermatia are rod-shaped or oblong, 
about smth long. The sterigmata are short, simple, bulging; sometimes resembling _ 
a series of deanna or nipple-shaped cells, at other times 8 longer and sub- 

Specizes 2. S. alpinum, Laur., 
_ Which is found in Europe and Asia, but which I regard we as a variety of the 
preceding species. 


| 
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Specimen 1.—Ben Nevis, August 1856, W. L. L. This is a tall slender form 
of the thallus, laxly ramose, and sparingly covered with granules. The spermo- 
_gonal warts occur both on sterile ramules and on those bearing apothecia. The 
spermatia are about gath, some of them being curved. 


SPECIES 3. S. denudatum, Fik., 


Which grows in Europe, America, and Asia; but which, like S. alpinum, I consider 
a mere variety or state of S. paschale. The stem is very naked ee being 
- destitute of the granules or scales which usually clothe it. 

Specimen 1.—County Antrim; D. Moore of Glasnevin, in Herb. Isaac Ghee. 
of Cork. The spermogones are abundant on large warted sub-spherical or irregular 
dilatations of the ends of the ramules, none of which bear apothecia. These sper- 
mogonal warts occupy the site, and appear morphologically to. take the place, of 
| apothecia. The ostioles are brown, immersed, and punctiform. The spermatia — 
are either straight and rod-shaped, or curved ; many of them are the latter. Their 
length is about santh, their breadth sooth; their —— short and simple, as 


in 


Species 4: S. ramulosum, Sw., 


Which grows in n America, equatorial Aftica, Polynesia, and Australia; a large and 
handsome species. 

Specimen 1.—Tasmania, Antarctic Expedition, 1839-43, Dr Hooker. Both 
apothecia and spermogones abound. The latter are large, round, flattened warts, 
scattered about the ends of the sterile ramuscles, or seated immediately below the 
_apothecia, round which they form a sort of neck or collar, as in S. argus. They 
-have a bluish-black colour on the surface, and are marked by stellate-fissured 
black ostioles. In this state they have greatly the appearance of the young apo- 
thecia of Sphewrophoron coralloides, in process of fissuring of their capsule or 
~ exciple. Internaily, the spermogones consist of a congeries of sinuous cavities. — 
The spermatia are very delicate and curved, about sth long, borne on the apices 
of simple vesicular sterigmata. The short lateral branches. proceeding from the > 
main stems frequently terminate in capitular or bullose dilatations; these are full 
of medullary tissue—white and lax—and they cannot therefore, on microscopic 
examination at least, be mistaken for, or confounded with, eee» warts. 


Species 5. s. argus, Taylor. 


Specimen 1.—Campbell’s Island, Antarctic Expedition, 1839-43, ‘Dr Hooxrs. 
The apices of the sterile ramules are irregularly tuberculated ; this tuberculated 
dilatation consisting of a series of small flattened warts of the same colour as the 
thallus, each separate wart being pierced centrally by a black minute ostiole, 
which is round, triangular, or stellate. This ostiole is usually surrounded with a 
halo, which is bluish-black, from the colour of the internal tissue in old spermo- 
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gones shining through that part of the envelope which is thinnest.. These warts 
are also occasionally scattered in groups of two or three round the branches bearing 
the apothecia, and immediately below the latter, to which they then appear as 
collar-like appendages. The spermatia are abundant, thickish, curved, about 
wath long, on simple vesicular sterigmata- 


FAMILY VIII. 


GENUS Cuaponia, Hof'm. 


The spermogones of Cladonia are mostly barrel-shaped, long or short, narrow 
or bulging; generally of the same colour as the apothecia, and with a distinct 
large round ostiole. The barrels are largest and best marked when terminal, as 
in C. furcata; shortest and most tuberculiform when on the margin of scyphi, as 
— in C. pyaidata. In the latter case, they are frequently flattened on the top, and 
irregular in form. They sometimes form a denticulate fringe of the margin of the 
scyphi, which may either be comparatively regular, or more or less irregular. In 
species with branching podetia, terminating in tapering points, the spermogones . 
are generally seated on the ends of the ultimate ramuscles, of which they consti- 
tute the brown points, which are erect in C. furcata ; nodding, or erect also, in C. 
rangiferina. In species with simple podetia, which terminate in scyphi, the 
spermogones are seated generally on the margins of these scyphi. In some species 
with a large horizontal and foliose thallus, and which seldom bear podetia, they 
are seated directly. on the folioles of the thallus. But they also occur in species 
with scyphiferous podetia, seated directly on the squamules or folioles, with which 
these are frequently more or less plentifully covered; especially in deformed and 
sterile states, as in C. bellidifiora. Sometimes they are seated directly on the — 
sides of the podetia themselves, as in the cervicornis variety of C. gracilis, and in 


C.amaurocrwa. Occasionally they occur on digitate prolongations of the margins _ | 


of the scyphi, as in C. bellidiflora and C. pyxidata ; and, lastly, they are some- 
times, though rarely, studded over the apothecia themselves, as in one instance in 
C. rangiferina. In scyphiferous species, in which they are usually grouped on the 
margins of the scyphi, they may occur isolated and terminal on their cornuta | 
form or varicty—a sterile spermogoniferous one with long, simple, tapering podetia. 
When terminal, the spermogones are generally single or isolated ; when occurring 
on the margins of scyphi, they are grouped in numbers of from two to five in 
gracilis,—five to twelve in C. pyxidata. The of the spermogones varies 
greatly: in C. rangiferina they have a diameter of ;;th, with a length of ixth; 

 -butin C.furcatathey are generally much larger in all their dimensions. Asa general 
rule, they are greatly smaller and more delicate in arctic and antarctic specimens, 
than in specimens of the same species from temperate countries. Their envelope 
is generally thin, and of a brown cellular tissue. The deep brown colour of the 
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spermogones—or brownish-red in species with scarlet apothecia—contrasts well — 
with the pale straw-yellow or gray of the thallus, and renders them particularly 
conspicuous in this genus. The line of junction between the spermogone and the 
thallus is readily seen, and the sudden bulging of the barrel-shaped organ adds 
to this effect. The cavity of the spermogones is generally simple; but I have — 
seen it sometimes sub-compound or divided into several obscure compartments 
or sinuses, as in C’. macilenta. This cavity contains abundance of mucilage, in 
which are imbedded the spermatia. In species with scarlet apothecia, and 
occasionally also in those with brown fruit, as sometimes in C. pyzidata, this 
mucilage has a rose tint. The emission of the spermatia can readily be 
studied, by placing the spermogoniferous tips of the ramuscles of C. rangi- 
ferina or C. furcata in a drop of water between glass slides, and subjecting 
them to moderate pressure under the microscope. The genus Cladonia is, 
therefore, a good one in which to examine the spermogones and their contents. 
- There is a remarkable uniformity throughout the whole of the species of Cladonia, 
in regard to the form and size of the spermatia and sterigmata. The former are, 
in all cases, curved when free, though they sometimes appear straight, or nearly — 
so, while yet attached. They are somewhat crescent-shaped, that is, they are 
pointed or acute at the ends, and thicker in the centre. Their length varies from 
auth to gath, their breadth from ;ith to aamth. They are sometimes so short 
a8 auth to suth. They must not be looked for in old spermogones, with large 
gaping ostioles, from which they have long since escaped. While attached to their 
- sterigmata, they are sometimes double the size they are when free, a phenomenon _ 
that is of frequent occurrence in lichens. The sterigmata are, in all cases, very 
delicate, linear, simple cells, very ramose at the base, varying in length from 
asth to sath, with a breadth of sith. With age they become elongated and 
sterile, filling the whole cavity of the spermogone, while, at the same time, they 
frequently acquire a brown tint. Occasionally, though rarely, elongated, hyper- 
trophied, sterile filaments project from among the ordinary spermatiferous ones, 
as in C. rangiferina in one or two instances. Spermogoniferous forms include 
many, at least, of the puzzling and anomalous varieties of species of Cladonia 
described by the older authors. | 


A mest occurring almost in every quarter of the globe hitherto. explored. 
Specimen 1.—Old wall, Caerlavercck Road, Dumfries, August 1856, W. L. L. 
A deformed and degenerate form, with very large podetia, and scyphi covered 
with furfuraceous scales. The spermogones are roundish, brown, distinct tubercles, 
borne on small digitate prolongations from the margins of the scyphi, and having 
a perceptible ostiole. The interior contains a very beautiful and abundant lake- 
coloured mucilage. The spermatia are chiefly straight. 
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Specimen 2.—Moors on hills east of Sligachan, Isle of Skye, August 1856, W. 
_L.L. Spermogones are abundant on the margins of the scyphi, as largish, distinct, 
tub-shaped or globose warts, of a deep brown colour, with distinct ostioles, some 
of them very large and gaping, round, triangular, or stellate. The spermatia are 
all curved, apparently of equal thickness throughout, and about sth long. 

Specimen 3.—Kinnoull Hill, Perth, March 1856, W. L. L. The spermogones 
fringe plentifully the sterile scyphi as small, spherical, brown cones or warts. 

Specimen 4.—Siberia, Soongarica ; collected by and Kirinorr, 1840; 
in Herb. Hooker, Kew. No apothecia, but with spermogoniferous scyphi. 

Specimen 5.—Road to Wellington Falls, Van Dieman’s Land; Mossman, 1850; 
in Herb. Royal Botanic Garden, Edinburgh. No apothecia, but with 
ferous scyphi. 

Specimen 6.—ScHARER exs. 52 (sub C. pyxidata, a. polyscypha, B. exigua) ; 
on the trunks of trees; no apothecia. This is simply a spermogoniferous state. 
There are no spermogones on the short scyphiferous podetia; but barrel-shaped — 
ones are seated on the tips of simple, cylindrical, elongated podetia, which resemble 
those of gracilis or macilenta. | 

Specimen 7.—SCHARER eXxs. 53 (sub a. polyscypha, C. simplea) ; ; on the ground 
and the trunks of trees; in abundant fructification. The spermogones are abun- 
dant on the margins of the scyphi, as small barrel-shaped or conoid bodies. | 

Specimen 8.—Scu.zReER exs. 58 (sub +y. longipes, E. tubeeformis) ; on the ground 
in woods. This is simp] y a spermogoniferous state; it bears no apothecia. The 
spermogones are small pale brown cones or tubercles, sparingly ane the very 
irregular denticulate scyphi. 
Specimen exs. 268 (sub communis); in damp and places. 
The spermogones are large barrels on the margins of broad scyphi. 


Species 2. C. fimbriata, Fr, 


Likewise a cosmopolite ; it seems to me to be but a form of the preceding species, . 
marked by toothed scyphi, the —— of which sometimes bear small secondary 
-~podetia. 
Specimen 1.—Bogin, County Derry, D. Moorg, in Herb. Carroli; with deformed 
_apothecia.. This ismerely a spermogoniferous form of C. pyaxidata, in my opinion, 
though it is the form which NyLanper refers to his jimbriata. Thespermogones _ 
occur on the diaphragm, as well as the margins of the scyphi, as short, distinct, | 
brown tubercles. The spermatia are all slightly curved, crescent-shaped, about 
woth. long, with a breadth of , sooth. The sterigmata are very ramose and delicate, 
about jth long, with a breadth of sooth. : 

Specimen 2.—Craigie Hill, Perth, April 1856, W. L. L. The spermogones are 
seated on small prolongations from the margins of the scyphi. 
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Specimen 3.—Falkland Islands, Dr Hooker, in Herb. Hooker, Kew. Besides 
marginal spermogones, apothecia are abundant, and are quite those of C. pyzidata. 

Specimen 4.—Road to Wellington Falls, Van Dieman’s Land, Mossman, 1850; 
in Herb. Royal Botanic Garden, re No apothecia, but spermogoni- 

ferous scyphi. 
Specimen 5. ~-Botmnen exs. 589 (sub B. longipes, n. denticulata); in woods. 
The name denticulata would appear to have been given in allusion to, or in con- 
sequence of, the spermogoniferous fringe of the scyphi, which is precisely like 
that so common in C. pyaidata. The spermatia are long. 

Specimen 6.—Scu£RER exs. 640 (sub 8. ochrochlora); on the ground in the 
| valley of the Mittenwald, Upper Bavaria. The spermogones are large barrels, 
which are seated in groups of two or three on the edge of the narrow scyphi 
which terminate the podetia. The sterigmata, with the spermatia attached, 
measure about j;ath to sth long; they become brown when old and sterile. 

Specimen 7.—Long Island, United States, May 1856, Dr A. O. Bropiz. The 
spermogones are small irregular barrels or cones, fringing the scyphi, precisely 
as in C. pyaidata. | 


SPECIES 3. C. cornuta, Fr., 


Which is maid to occur in Europe, Asia, and America ; it mes to me to belong 
partly to C. pyaxidata, and partly to C. gracilis. 

| Specimen 1.—Craig-y-Barns, Dunkeld, April 1856, W. L. L.. This seems — 

_ referrible to C. pyzidata. The spermogones are few, but large and distinct, brown 


ne barrels, occurring on the margins of the scyphi. 


SPECIES 4. C. degenerans, Fik., 


- Which occurs in Europe, Asia, and America; it does not appear to me to deserve 
torank as a distinct species, but to to pyxidata, C. gracilis, and C. 
mosa, if not to other species. | 

Specimen 1.—Scu@RER exs. 275 (sub £. euphorea, Fik. ); on stones, Gastern. 
This is referrible to C. gracilis. The spermogones are large barrels, three or four 
of which are seated on the margins of each of the small narrow scyphi, which 
terminate the short slender podetia. No. 274 (sub £. aplotea, Flk.), from the same 
locality in my copy, is not eevtingeianabte from No. 275, either as to its thallus or 
Spermogones. 

Specimen 2. —Kollong, Khasia, Himalayas; ‘temperate region, at an elevation 
of 5000 feet; collected by Dr Hooker and Dr Tuomas Toomson. The spermo- 
gones are abundant and large. Another specimen, also in the Hookerian Herba- 
_ Tium, NYLANDER seems to refer to sguamosa, but it is really intermediate between 
squamosa and furcata. \t has abundance of baad spermogones, on dark-brown 
dingy degenerate podetia. 
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SPECIES 5. C. cenotea, Scher., 


Which grows in Europe and North America; it seems to me to belong to C. pyxidata. 

Specimen 1.—ScH&RER exs. 71; on the ground and the putrid trunks of 
trees, in hilly and alpine regions, Switzerland. There are no apothecia; the 
_ scyphi are not much dilated, and the spermogones are marginal, and precisely of 
the characters of those of C. pyxidata. | 

Specimen 2.—(sub C. trachiata, Fr.) Mahourat; Spruce’s “ Lich. Pyrenzei ;” — 
in Herb. Hooker, Kew. The podetia are sub-digitately divided above, and are 


covered throughout with an abundant gray pruinosity. The spermogones here, too, 
are those of C. pyxidata. 


Species 6. C. gracilis, Fr., 


Like C. pyxidata and C. jimbriata, a.cosmopolite. It has two principal varieties, 
_ verticillata, Fr., which occurs in Europe, America, and Australia, and cervicorms, 
Ach., which is confined in its range to Europe. | | 

Specimen 1.—Blaeberry Hill, Perth, April 1856, W. L.L. The. spermogones 
occur on the margin of the small scyphi, which terminate the long slender podetia ; ; 
they exactly resemble those of C. pyxidata. | 
Specimen 2.—Lion’s Face, 1844, and Sidlaw Hills, 1846, Forfarshire: ; GaR- 
DINER of Dundee; in Herb. Hooker, Kew. Plant bears both 1 aeearmet and sper- 
mogones; the latter as in No. 1. oe 

Specimen 3.—Tasmania, Antarctic Expedition, 1839-43, Dr Hooker (sub Cen- 
— omyce ecmocyna, Ach., var. a. ; the var. gracilis of NyLANDER). This is a long, 
delicate, graceful form, the podetia being simple and cylindrical, and abundantly 
clothed with scales or folioles. The spermogones are few, terminal, isolated, 
short, deep-brown, barrel-shaped organs, closely resembling those of C. furcata 

or C. rangiferina. The ostiole is large and distinct. — 
Specimen 4.—Falkland Islands, Antarctic Expedition, 1839-43, Dr 
The thallus is much broken up; the spermogones are few and old, scattered on | 
the margins of the scyphi. There are no free spermatia. ‘The sterigmata are 
elongated and hypertrophied, filling the cavity of the spermogone; they are very 
delicate, linear, and ramose at the base. | 

Specimen 5.—Var. elongata, Fr. and Nyl., Disco Island ; LYALL, 1854. awe 
long and graceful form, with abundant spermogones. 

Specimen 6.—ScH&RER exs. 67 (sub 8. hybrida, C. elongata); on the ground 
in alpine districts. The spermogones occur on the ends of elongated, sterile 
_ podetia; they are largish and barrel-shaped, but are old. The sterigmata are 
elongated, hypertrophied, and very ramose, filling the cavity of the spermogone, as _ 


in No. 4; a phenomenon which is common in the old oe of all the Cla 
donias. 


| 
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Specimen 7.—ScHARER exs. 641 (sub 6. turbinata squamulosa); in woods in 
the valley of the Lauen. The spermogones are small pale-brown barrels or flat- 
tened cones, fringing the terminal scyphi like so many teeth. The ostioles are 
very distinct; the spermogones are old, and contain no free spermatia. 

Specimen 8.—Var. verticillata, Fr., which occurs in Europe, America, and 
Australia; New Zealand, Antarctic Expedition, 1839-43, Dr Hooker. Specimen 
associated with C. aggregata. The spermogones are small, barrel-shaped, brown 
tubercles, with distinct ostioles, occurring on the margins of the scyphi. The xa 
matia are curved and very delicate; about aath to gath long. 

Specimen 9.—Var. verticillata, ScHARER exs. 62 (sub C. verticillata, A. dila 
tata); on ground in aipine districts, Switzerland. The spermogones are precisely 
2s in No. 8. | 

Specimen 10.—Var. cervicornis, Ach. (syn. Cladonia or Cenomyce cervicornis of 
authors); Morven, Braemar, Professor Dickie of Belfast; in Herb. meo. The 
spermogones fringe the small, cup-like, dilated ends of the short narrow podetia, 
which spring at right angles from the horizontal foliose thallus. | 

_ Specimen 11.—Var. cervicornis ; top of Muckish Mountain, County Donegal. 
Ireland, Professor DicktE; in Herb. meo. The podetia are very deformed, short, 
thick, and covered with warts or processes. The spermogones are dotted over 
the podetia themselves, as well as seated on the warts or processes just mentioned. 

Specimen 12.—Var. cervicornis ; Blaeberry Hill, Perth, April 1856, W. L. L.; 
very abundant; seldom bearing podetia or apothecia; in czespitose thick tufts. 
On the margins of the scyphi, which terminate some of podetia, are a few broad, 
bulging, sub-spherical spermogones, with gaping ostioles. | | 

Specimen 13.—Var. cervicornis ; Ben Nevis, 1856, W. L. L. rea hapved ; 

_ shaped spermogones occur, growing upright from the horizontal folioles, as well 
as fringing the scyphi on the longish delicate podetia. They are apt to be con- 
founded with the numerous abortive apothecia ; but their more regular form, and 
the presence of the ostiole, generally suffice to distinguish the spermogones. _ 
Specimen 14.—Var. cornuta ; Craig-y-Barns, Dunkeld, 1856, W. L. L. No 
apothecia; but largish, barrel-shaped, distinct spermogones fringe the scyphi. 

Specimen 15.—ScuZReER exs. 66 (sub f. hybrida, B. simplex) ; ; on the ground 
in alpine districts. Large, barrel-shaped spérmogones fringe the acypul, and are 
sornetimes intermingled with apothecia on the same scyphus. — 


SPECIES 7. ©. squamosa, Hoffm., 


Like C. pyxidata, C. fimbriata, and C. gracilis, a cosmopolite.. Indeed the genus 
Cladonia contains at least as many cosmopolite species as any other lichen-genus. 
There is great variety in C. squamosa in the form of the thallus, and equal variety _ 
in the site of the spermogones. They may be isolated and terminal; seated on © 
the ends of long graceful cylindrical podetia, as in Korper’s var. 6 asperella; or 
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grouped on the margins of very irregular dilacerate scyphi, or seated on longish 
prolongations from the margins of the same scyphi. In all these cases, however, 
they are barrel-shaped, and as in the species already described. 

Specimen 1.—Biaeberry Hill, Perth, April 1856, W. L. L. The spermogones 
are terminal, as in Korper’s var. @. asperella. Ben Nevis, August 1856, W. L. L. 
Here also they are terminal on podetia resembling those of C. gracilis. — 

Specimen 2.—Hills east of Glen Callater, Braemar, August 1856, W. L. L. 
Apothecia and spermogones occur on the same podetia, but on different branches — 
thereof; the spermogones being placed on the higher ones. The ostioles are very 
large and patent ; the envelope is of a dense brown cellular tissue. The spermatia 
are curved, about jth long, nearly straight while attached to their sterigmata. _ 

Specimen 3.—Australian Alps, MULLER, 1855; in Herb. Hooker, Kew. The 
plant seems rather referrible to C. gracilis ; it is simple, and scarcely squamose. — 
The spermogones are as above. | | 

Specimen 4.—Scu#RER exs. 74 (sub C. ventricosa, a. microphylla, C. cymosa) ; 
on the ground and on decayed tree-trunks, in woods, Switzerland. Small but 
very distinct barrel-shaped are studded over the ends of very irregular 
ramose ramules. 

Specimen 5.—Scu@RER exs. 73 (sub C. ventricosa, a. microphylla, B. proli- 
fera); on the ground and decayed trunks of trees, in woods, Switzerland. The 
er are terminal, as in C. furcata. 

Specimen 6.—Var. anomea (syn. Scyphophorus anomeus, teak. E. B. 2d ed., 
p. 91, Tab. 2283; Ist ed. Lichen anomeus, T. 1867 ; Hook. Br. Flora, 238, vol. ii.) ; 
Kelly’s Glen, D. Moore; in Herb. Carroll. N o apothecia. Spermogoues mee 
young, contain no free spermatia. _ 

Specimen 7.—Var. ceespititia, Ach.; occurs in Europe and America. ScHARER 
exs. 280 (sub C. ventricosa, y. fungiformis); in woods, Switzerland. The sper- 
mogones are seated directly on the folioles or scales of the horizontal thallus; — 
they are barrel-shaped; blackish or deep brown; large and distinct, and have 
certainly a fungoid aspect. The spermatia and sterigmata have the usual cha- 7 
racter ; many of the latter in old _— are elongated and ei aca 


Sprcizs 8. C. alcicornis, Fik., 


Which grows in Europe, Africa, and America. This species is of great interest, 
as being one of the lichens in which Irzicsoun first discovered the existence of 
spermatia.* He, however, described these corpuscles as Spermatozoids, endowed 
with animal motion. This motion is now proved beyond a doubt to be merely the 
Brownian movement of minute particles of matter, organic or inorganic alike, in 
a fluid. The spermogones are here seated on the 


* Botanische Zeitung, p. 913. 1850. 
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folioles of the horizontal thallus. The diameter of the spermogone is about 4th. 
The spermatia are generally curved when free, but frequently straight while at- 
tached. I can draw no good distinction between C. endiviefolia, the cervicornis 
variety of C. gracilis, and this species. They appear to me to differ essentially 
only as to the size of the folioles of the horizontal thallus, while podetia are rare 
in all. Certainly the spermogones are the same in all three. I should feel inclined 
to bring them. all under C. pyxidata. Podetia, bearing both apothecia and sper- 
mogones, in a specimen in LetGuTon’s exs. 15, are quite those of C. pyzidata. 

Specimen 1.—LE1GHTON exs. 15; Haughmond Hill, Shropshire ; Engl. Bot. 1392. 
The spermogones are on the margins of the podetial scyphi; they are largish, 
deep brown, barrel-shaped, and quite those of C. pyzidata. On the lower or paler 
surface of the folioles of the horizontal thallus are scattered sparingly, in the 
right-hand specimen in my copy, distinct black cones or papillz, semi-immersed. 
These are pyenides, but unassociated with either apothecia or spermogones of 
any kind. TI have great hesitation in regarding them as belonging to this Cladonia, 
inasmuch as [ have not elsewhere found them in this genus. I am therefore 
rather inclined to look upon them as accidental parasites. They contain stylo- 
_ spores, oval or oblong-oval, generally more or less curved, but very irregular in 
form. 

Specimen 2.—(Sub nom. C. damecornis, Ach.); Suffolk; in Herb. British 
Museum, London. It has abundance of large barrel-shaped spermogones, scat- 
tered on the folioles of the horizontal thallus. 

Specimen 3.—In Herb. Menziesian, Royal Botanic Garden, Edinburgh ; habitat 
not given. It possesses only spermogoniferous podetia ; which is general, if not 
always, the case in Scotch specimens also. 

Specimen 4 —Aldborough, Sir T. GAGE; in Herb. British Museum. Spermo- 
gones asin No.2. 

Specimen 5.—ScHERER eXxs. 455 (sub C. foliacea, a. near Vire;. 
Petvet. The spermogones here also are seated directly on the folioles. The 
are about wath long, the — with — attached, ;;,;th. 


Species 9. C. endiviefolia, Fr. 


1.—LavinGE, 1814; Observation Inlet, ScouLER in 
Kew. The spermogones are sometimes distributed on the surface, sometimes on _ 
_ the margins of the thalline folioles; occasionally on the edges of the cup-shaped 
terminations of very irregular and deformed podetia, which rise directly from the 
surface of the larger folioles. They are precisely those of the preceding species, 
from which the prescnt appears to me to differ in no essential respect. 


Specizs 10. C. Papillaria, Hoffm., 


Which occurs in 1 Europe and North America. This is altogether an . anomalous 
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and exceptional species, which is arranged in a sub-section by itself, Pycnothelia, 
Duf. Its spermogones, however, resemble those of C. pyaidata. 
Specimen 1.— Appin and Ben Nevis; in Herb. Hooker, Kew. The podetia 
are largish and irregular, with abundant spermogones and apothecia. 
Specimen 2.— SCHARER exs. 511 (sub A. clavata); heaths or moors, Switzer- 
land. The spermogones are mostly old; they are small, distinct, brown cones or 
papillse, scattered in groups on the sides of the large irregular podetia. The 
spermatia are about th long, chiefly straight or very slightly curved ; many of 
the sterigmata are hypertrophied and elongated. _ | 
Specimen 3.—Scumrer exs. 512 (sub B. molarifurmis, Hoffm.). Here the 
-spermogones are somewhat differently disposed. They are largish, brown, distinct, 
irregular, flattened tubercles, seated directly on the thallus, like the apothecia of 
a Lecidea. The spermatia and sterigmata are as in all Cladonias. The former are 


crescent-shaped, and about jth long; the latter, with spermatia attached, 
measure about jth. 


| 
| | | SPEcIEs 11. C. bellidiflora, Scher., 


Which inhabits cold, alpine, or sub-alpine regions in Europe and America. The 
spermogones of this and other species with red apothecia do not differ, except in. 
colour, from those of species such as C. pyxidata, having brown fruit. Nor do ~ 
the spores differ. Indeed, it admits of doubt whether the mere colour of the 
-apothecia should be regarded as at all a good distinctive mark of sections or 
species of Cladonia; for the apothecia are occasionally indiscriminately red or brown 
in the same species. J am of those who would abolish the distinction, and would 
merge the phxocarpous and erythrocarpous sections of NYLANDER into one. 

Specimen 1.—Ben Nevis, Aug. 1856, W. L. L.; form polycephala of Kors., p. 29. 
A few tub-shaped spermogunes occur on the apices of narrow long cylindrical 
podetia,—the stronger podetia bearing on their summits apothecia. Spermogones 
also occur on the margins of indistinct scyphi. In some deformed sterile states 
they are abundantly scattered over the podetia towards their apices, as large, 
distinct, brown, broad-based cones, with a very patent ostiole. In other podetia, 
which are very foliose or squamulose, the large tub-shaped spermogones—among _ 
the largest indeed I have ever seen—are seated directly on these squamules or 
folioles, especially near the ends of the podetia. The cavity contains abundance 
of rose-coloured mucilage, in which are imbedded curved spermatia, about gqth 
long. The sterigmata are of the usual characters, as described in C. pywidata. 
It is note-worthy that the colour of these spermogones externally is brown, and : 
that their envelope consists of a br orontale cellular tissue. Their cavity is 
simple. 

Specimen 2.—ScHARER exs. 39 (sub C. wllidifora, B. on 
and stones in alpine districts, Switzerland. The scyphi bear no apothecia; but 
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are spermogoniferous, their margins being fringed with dark brownish-red 
spermogones, like small barrels or cones flattened on the top, or somewhat 
irregular. Red mucilage abounds in their cavity. 

Specimen 3.—Kelly’s Green, Ireland, D. Moore ; in Herb. Carroll, Aug. 1853. 
The folioles of the horizontal thallus are studded over with the apothecia and 
spermogones of Lecidea cladoniaria, Nyl., which occur also on the scales of the 
podetia from the base to their apex. The apothecia are black, discoid, semi-im- 
- mersed, resembling those of ZL. ozyspora, as it occurs on Parmelia sazatilis, 
P. conspersa, and Platysma glaucum. The spermogones are minute, brown or 
black, punctiform, scattered among the apothecia. The spermatia are largish and — 
ellipsoid, resembling those of Lecidea abietina, and are borne on very short, 
simple, linear sterigmata. I refer to L. cladoniaria here only with a view to 
show that there is no danger of confounding either its Sposneces or apermogotee 
with the spermogones of Cladonia — 


Species 12. _C. cornucopioides, Fr., 
A cosmopolite species. I must confess my inability to perceive any good 
distinctive marks between this and the preceding or following species. Indeed, 
IT regard C. bellidifora as a type or species, including C. cornucopioides, C. 
-macilenta, C. digitata, and C. deformis, just as I hold C. pyzidata to embrace 
C. fimbriata, C. degenerans, pro parte, and C. cornuta. C. cornucopioides is the 
familiar C. coccifera of older authors. 
_ Specimen 1.—Falkland Islands; Antarctic Expedition, 1839-43, Dr Hooker. 
_ Spermogones occur on. the margins of the scyphi, as small, but distinct, round, 
‘flattened, brown tubercles, pierced with distinct ostioles. They are all old, and 
contain no free spermatia..- 
Specimen 2.—Var. pleurota, Flk. A seein variety; appears to me to be 
merely a spermogoniferous form, bearing the same relation to C. cornucopioides 
that fimbriata does to C. pyxidata. The spermogones are red; the apothecia few. 


Scotland; collected by ALEXANDER Menzies himself; in Menziesian Herb., 
Botanic Garden, | 


Species 13. C. macilenta, Hoffm., 


‘Likewise a cosmopolite. This is the familiar Jiliformis of the older authors. 
KorBer’s var. clavata, p. 31, is probably a spermogoniferous state :—“ thallo 
clavato-ventricoso subulato substerile.”’ 

Specimen 1.—Ben Nevis, Aug. 1856, W. L. L. From the ramules 
apothecia there sometimes branch off, a little below the apothecia, spermo- 
goniferous ramuscles, bearing at their ends, i in pre of three or four, brown 
barrel-shaped spermogones. 


Specimen 2.—ScHARER exs. 33 (sub C. filiformis, cornifia) on peaty 
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earth. The margins of the cup-like, dilated ends of the podetia are fringed with 
large barrel or cone-shaped, deep-brown spermogones, generally in groups of 
four or five. The cavity is apparently compound and sinuous—a phenomenon that 
is unusual in the Cladonias. 


Specimen 3.—SCHARER exs. 36 (sub C jiliformis, D. ramulosa). The _— 
gones are as in No. 2, but smaller. | 

Specimen 4.—Var. polydactyla, F\k.; which occurs in Europe and America. 
ScHARER exs. 454 (sub C. incana, y. polydactyla); near Vire, PELvEt. The sper- — 
mogones are brownish-red barrels, grouped in three or four, on the margins of the 
narrow closed cups in which the podetia terminate. The spermatia are about sath 
long; and the sterigmata | 


SPECIES 14. C. digitata: Hoffm. 


Which occurs in Europe, Asia, and America, and which, I think, stande in the same 
‘relation to C. bellidifiora or C. cornucopioides that C. jimbriata does to C. pyxidata. 
Specimen 1.—Ben Nevis, Aug. 1856, W. L. L. The plant is more or less 
deformed ; it is scyphiferous, but the scyphi have seldom an equal or even edge. 
More generally they are ragged and lacerated; sometimes give off a series of 
irregular digitate prolongations from their margins. The spermogones are 
beautiful scarlet flattened cones, seated on the margins of the scyphi, or of the 
prolongations therefrom just described. Their envelope consists of a dense red- 
dish cellular tissue. C. digitata graduates sometimes into the following species. 


SPECIES 15. C. deformis, Hoffm., 


Almost a cosmopolite, occurring in Europe, Asia, America, and Australia. As a 
general rule, it is not found bearing seieerezs but occasionally spermogones are 
met with. 

Specimen 1.—Howth, aii 1853, Moore; in Herb. Carroll ; no apothecia. 
‘This seems to me merely the cornuta form of C. bellidiflora, such as occurs abun- 
- dantly on Kinnoull Hill, Perth, and Craig Vinean, Dunkeld. The Spermogones 

are small scarlet cones, fringing the occasional obscure terminal scyphi. | 
Specimen 2.—ScHARER exs. 49 (sub a. culyaris, c. gonecha, Ach.); in alpine 
regions, Switzerland. The left-hand podetium in my copy (ed. alt. immut., 1842) _ 
is dotted over, especially inferiorly, with small, black, round cones, which are 
pycnides. ‘The stylospores are largish, distinct, very numerous, and very variable 
as to form; the sterigmata are short and simple. Their position would lead me 
to look upon.them as parasitic rather than as belonging to the plant on which 
— they occur,—because, 1. I have found them only in another instance—C. Papillaria ; 
2. Their situation is not that of the spermogones of C. deformis ; and 3. Their 
colour and general character differ in toto from those of the said spermogones. 
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Spscies 16. C. uncialis, Hoffm., | 
Which occurs in Europe, America, and Asia. This and the species to follow 
are characterized by the absence of scyphi; in them the spermogones are terminal 
and more prominent than in those which have preceded. 

Specimen 1.—Moors about the Stro Rock, Isle of Skye, Aug. 1856, W. L. L. 
The spermogones are generally in groups of two or three, constituting or crowning 
the terminal horns of the podetia: their brown colour, in contrast with the straw- 
yellow of the podetia, renders them very distinct. They vary in length, being 
elongated and subfusiform or subspherical. The ostioles are large and patent in — 
the older ones. The spermatia are chiefly straight—all the attached ones are; 
some are slightly curved ; their length is about goth. : 

Specimen 2.—Hills east of Glen Callater, Braemar, Aug. 1856, W. L. L. The 
spermogones are distinctly-bulging barrel-shaped organs, with a perceptible 
- ostiole. Their spermatia, as in No. 1, are straight or curved—the former while 
attached; their length is about ath. 

Specimen. 3.—Ben Lawers, Aug. 1855, Dr Giucunist of Dumfries. The barrel- 
_ shaped spermogones bulge most superiorly ; their base or pedicel i is narrow. But 
_ there is always a distinct line of separation between the spermogone and podetium, © 
both in respect to colour and thickness. — 

Specimen 4.—Rorrie Moor, near Forfar, A. ‘Cabais of Montrose ; ; in Herb. 
Hooker, Kew. Has the same spermogones as in No. 3. 
Specimen 5.—Scu#RER exs. 82 (sub C. stellata a. uncialis) ; on ground in 
the Alps and valleys of the Jura. Exs. 513 (sub C. stellata 8. ceranoides); on the 
ground on moors; has its spermogones on the horns or tips of large handsome 
pedetia. Lake-coloured miucilage abounds in their interior, and this is note- 
worthy, seeing that the spermogones themselves are brown. The spermatia are 
crescent-shaped, and about oooth long; the length of the sterigmata is about sath. 
514 adusta) has the spermogones just 


SPECIES 17. C. Hoffm., 


A native, according to NYLANDER, of Europe, Asia, and America. I look upon it 
simply as a form, and a very ill-marked form frequently, of the preceding species; 
- the podetia being usually shorter, thicker, darker, and considerably deformed. 
Ny anver places C. turgida, in his classification,* between furcata and rangiferina- 

Specimen 1.—Summit of the Bassies, Clova, 1843, GARDINER; in Herb. Hooker, 
Kew (sub nom. C. uncialis 8. turgida). Possesses spermogones only, which are 
precisely those of C. uncialis. 


* Enumération Lichens, p. 95. Cherbourg, 1868. 
VOL. XXII. PART I. | 


| 

| 

| | 
| 

| 


166 DRLAUDER LINDSAY ON THE SPERMOGONES AND PYCNIDES 


Specimen 2.—Scu#RER exs. 83 (sub C. stellata ‘y. obtusata), and 84 (3. turgida), 
- both on the ground in alpine regions, Switzerland. Have old spermogones, contain- 
ing no free spermatia, which are also quite those of C. wnczalis. 

Specimen 3.—Kamkola, Sikkim, Himalaya, alpine region, about 15,000 feet 
high, Dr Hooker; in Herb. Hooker, Kew. Appears also simply a turgid form of 
C. uncialis. It possesses spermogones, but no — 


Species 18. C. amaurocrea, Flk., 


Which occurs in Europe, Asia, America, and Australia; it is closely allied also to 
~ C.uncialis, from which it differs chiefly in its more compound or ramose thallus. 

- Specimen 1.—Var. capitellata, Bab. in “ Flora of New Zealand,” (Hooker fils.), 
(syn. C. capitellata, Bab.) ; New Zealand, Cotenso; in Herb. Hooker, Kew. The 
apothecia and spermogones are quite those of wncialis. The latter are generally 
terminal and erect, but they also occur occasionally scattered on the sides of the 
ultimate ramuscles of the thallus, from which they project peg-like at right angles. 
The spermatia are always curved when free; their length is about zath, with a 
breadth of sja0th. When attached, however, they are frequently straight and 
very long—at least double the length of the free spermatia, a circumstance I have 
already more than once pointed out as occurring in lichens. The sterigmata are 
long and filiform—ramose below ; their length is about roth to roth. | 


Species 19. C. 


= coameneliie species, having two main varieties—racemosa, Scher., and pungens, 
Ach., both of which occur alike in Europe, Asia, and America. The spermogones 
of this species are generally among the largest and most distinct of those of Cla- 

donia. The ostiole also is usually large and easily perceptible. The spermatia 
are generally curved, and about sometimes only ath, long. | 

Specimen 1 .—Craigie Hill, Perth, April 1856, W. L. L.; with apothecia. The 
thallus is of a dark-brown, and the brown terminal spermogones are not, there- 
fore, so easily recognised as in species with a straw-coloured thallus. They are 
_here short, broad, and bulging. 

Specimen 2.—Suffolk, Ben Cruachan, 1810, Borrer; in Herb. Hooker, Kew ; | 
are spermogoniferous only, as is the case in a specimen from Wales in Herb. 
British Museum, London. 

_ Specimen 3.—Ingleby Park, Cleveland, Vakehinn 1856; coll. W. Mupp. The 
podetia are slender, ramose, and closely aggregated; the spermogones small, and 
sometimes on apices, slightly nodding, as in (. rangiferina. — 

Specimen 4.—(Sub Cenomyce bacillaris, Ach.) Falkland Islands, Antarctic 
Expedition, 1839-43, Dr Hooker ; in Herb. meo. The spermogones are abundant 
as the short, bulging, barrel-shaped apices of the bifurcate extremities of the 
ultimate ramuscles. Specimens (sub nom. C. gracilis) from the Falkland Islands 
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and Cape Horn, coll. by Dr Hooxer, and in Herb. Hooker, Kew, seem to be the 
same plant, which is here spermogoniferous onl y. The ramules are frequently | 
black, straggling, and very delicate. 

Specimen 5.—Pic d’Orizaba, Cordillera (Vera Cruz), Mexico, at an elevation of 
11,000 to 12,000 feet; coll. by H. GaLeorri, 1840, No. 6906; also from the same 
locality, 1838, coll. by J. — No. 102; both in Herb. Hooker, Kew ; sper- 
mogoniferous. 

Specimen 6.—ScH#RER exs. 22, Switzerland ; associated with Cetraria 

islandica. The spermogones are large distinct barrels. 

Specimen 7.—Var. racemosa, Sch. ; on old walls, Caerlaverock Road, Dumfries, | 
August 1856, W. L. L. The podetia are dark-coloured, and are covered with 
furfuraceous granules, scales, or folioles, from base to apex. The spermogones are 
short, and sometimes so broad and subspherical as to resemble young apothecia. 
They crown the delicate ultimate vasmaneies, which are lax and patent. The 
spermatia are chiefly straight, and about sth long. Some of the sterigmata are _ 
subarticulate, consisting ofa few linear cells, placed in superposition, or branching 
off laterally in groups, in which case the sterigmata are very ramose, and some- 
what longer than usual. ne | 

Specimen 8.—Var. racemosa; LEIGHTON Xs. 16, Haughmond Hill, Shropshire ; 
a few apothecia. The spermogones are chiefly old, containing no free spermatia. 
The sterigmata are very irregular in form, and thickened. 

Specimen 9.—Var. racemosa; Sandhills, Newcastle, County Down, 

Professor Dickiz. The plant is dwarf, deformed, and bears no apothecia. The 
spermogones are few, young, and contain no mature or free spermatia. | 

Specimen 10.—Var. racemosa ; rocks, Mount Wellington, Van Dieman’s Land, 
MossMAN, 1850; in Herb. Royal Botanic Garden, Edinburgh. ° Plant i 
goniferous only. | 

Specimen 11.—Var. racemosa; ScHARER exs. 80 (sub C. fruticosa a. racemosa) ; 
on the ground in woods, Switzerland ; also exs. 81 (0. furcata). In both, the sper- — 
mogones have the usual characters. | 

Specimen 12.—Schooley’s Mountains, North Amation. July 1856, Dr A. O. 

- Bropiz. Spermogones have the characters of those of British plants or specimens. 

_ Specimen 13.—Singalelah, Sikkim, Himalaya, alpine region, at an elevation of 
11,000 feet ; Chongtan, Sikkim, temperate region, at 8000 feet ; Lachoong, Sikkim, 
temperate region, at 9000 feet—all collected by Dr Hooker. Churraand Khasia, | 
subtropical region, at 4000 feet; Kollong, Khasia, temperate region, at 5000 feet ; 
coll. by Drs Hooxer and Tuos. Tuomson ; all spermogoniferous, but bearing no apo- 
thecia. New Zealand, Dr Joturre; thallus very white and delicate, and minutely 
scaly. St Domingo, ScuomBurcx ; very pale, thin, delicate podetia. Jamaica; 4-6 
inches tall. Ohio, Lea; Cedar Swamp, near Urbana; spermogones abundant and 
distinct. Boston. Switzerland, near Chateat d’Oex. FRANKLIN’s first journey ; 
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British North America (sub nom. C. furcata, var. subcrispata, Nyl., and C. 
crispata, Ach., Nyl., both of which seem referrible to racemosa); apothecia and 
spermogones both well formed. All the sears comprised in No. 18 are in the 
Herb. Hooker, Kew. 

Specimen 14.—Var. pungens, Ach. (syn. C. pungens, Delise, Hook. British 
Flora, 235; Kors. 35; C. furcata e. rangiformis, Son. Enum. 202; C. furcata y. 
fruticosa, Scu. exs. 459). This variety graduates into racemosa, and both into 
C. rangiferina. They are chiefly distinguished usually by their squamulose 
surface, gray colour, and ramose character. Blaeberry Hill, Perth, April 1856, 
W.L.L. The podetia vary much; some are turgid, thick, short, and covered 
profusely with scales or folioles; others are long, lax, and have more of the usual 
character of furcata. The turgid pale form closely resembles C. rangiferina, 
from which it is sometimes scarcely distinguishable. In all forms the spermo- — 
gones are brown barrels, seated on erect apices of the ramuscles; they differ 
much in size, being short and broad, or elongated and narrow. 

Specimen 15.—Var. pungens ; old road to Caerlaverock, Dumfries, on a wall, | 
April 1856, W. L. L. The podetia are of a light gray colour, and covered in- 
feriorly with squamules, superiorly with granules. The spermatia are straight, — 
and of unusual length ; the sterigmata are also longer than usual—some of them 
being articulated, as in No. 7, which is nearly identical with this variety also 
as to the thallus. | | 

Specimen 16.—Var. pungens (sub Beomyces pungens), Thetford ; also Esher 
Common, Surre y;.in Herb. Hooker, Kew. Spermogones abundant. 


SPECIES 20. C. rangiferina, Hoffm., 


A ecosmopolite species, and one of the most familiar of the Cladonias. Its chief 

varieties, according to NYLANDER, are sylvatica L. and alpestris, L.; like their. 
type, both are cosmopolites. The spermogones are quite the same in the varieties 
as in the type. These varieties have not, I think, any good distinctive characters, 
unless in regard to the height, strength, and ramoseness of the thallus ; in a/pestris, — 
the thallus is very ramose, and the ramuscles densely agoregated and thyrsiform. 
In general terms, the spermogones of this species are those of C. furcata, both in 
regard to site, appearance, and structure; they are uniformly, however, smaller — 
in all their dimensions. The apices of the ramuscles on which they are seated, or 
which they constitute, are frequently nodding, but frequently also erect, as in fur- 
cata. In arctic and antarctic specimens especially, the ramuscles of the thallus are 
extremely attenuated, and the spermogones are correspondingly so; in this case the 
latter are linear or ellipsoid bodies, giving a nigro-corniculate character to the tips 
of the ramuscles. The spermogones are generally grouped two or three together, 
in consequence of the bifurcation or further division of the ends of the ramuscles. 
Their cavity is simple. Their diameter is about ;;th; their length jth or th. 


‘ 


OF FILAMENTOUS, FRUTICULOSE, AND FOLIACEOUS LICHENS. 169 


The spermatia are about sath to ath long; their breadth about j:imth. The sper: 
matiferous, or ordinary sterigmata, are sometimes associated with sterile, hyper- 
trophied, ramose filaments, as in Hamalina ; but the latter are seldom or never 
so long or so ramose as in that genus. _ 

Specimen 1.—Blaeberry Hill, Perth, April 1856, W.L. L. Abounding in apo- 
thecia, as well as spermogones. The ramuscles, or their divisions, which bear the | 
spermogones, are as erect as those which bear apothecia. The nodding apices 
bear only sterile or abortive spermogones; the latter are of the same thickness 
as their pedicels, whereas the fertile spermogones always buige out distinctly, 
and generally show a perceptible terminal ostiole. The ramuscles bearing spermo- 
gones and those tearing apothecia are intermixed ; when the former ramuscles are 
longer than the _ the spermogones are frequently. found drooping over the 
apothecia. 

Specimen 2. —Hills east of Glen Callater, Braemar, August 1856, W. L. L.- 
Both apothecia and spermogones occur. The plant is large and coarse; the podetia 

vary in tint from straw-yellow to leaden-gray; they are also very granular and 
rough; sometimes covered with mealy warts. The spermogoniferous ramuscles" 
are erect. The spermatia are either straight or curved, about jath to jth long; 
the sterigmata are sometimes sub-articulate and very ramose; long, linear, 
extremely delicate cells being given off in place of branches. 

Specimen 3.—Ben Lawers, August 1855, Dr Giucurist. No apothecia. Here 
the nodding apices are all spermogoniferous; the spermogones being linear and | 
elongated rather than barrel-shaped. The thallus is dark-gray. a 

Specimen 4.—Long Island, North America, May 1856, Dr A. O. Recon: ‘The 
-spermogones are abundant, short, and inconspicuous. The spermatia are wry 
small but curved, aout ,acth long; the sterigmata are also very short, about jjath 
long, becoming, with age, sterile and brown. The podetiaare sometimes covered 
from base to apex with irregular bullose warts; the latter are perforated here and 
there as if with ostioles, and they then closely resemble the spermogones of some 
crustaceous lichens; but their internal structure is only that of the thallus. The 
apothecia on the same deformed podetia are frequently single, and are sometimes 
studded over with spermogones, which project at right ~~ like pegs, or radii 
from the spoke of a wheel. 

Specimen 5.—Tasmania, ‘Antarctic 1839-43, Dr Hooker. Both 
- apothecia and spermogones occur, the latter only sparingly, however. The sper- 
- mogoniferous ramuscles are stellate-patent or erect; they are sometimes short, 
thick and rigid, and fastigiately ramose, and then the spermogones constitute 
little horns or teeth, crowning their apices. This form of thallus agrees with the 
vars. ¢. alpestris and 8. incrassata of ScozRER, Enum. p. 203. In the more 
common form of the plant, the ultimate ramuscles and spermogones are much 
more narrow and delicate than those in British specimens. The spermatia are 
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generally straight, about jth to smth long; some of them are slightly curved, 
thickish, and short. The sterigmata are frequently of the same thickness as the 

spermatia, which, indeed, appear given off as ultimate joints or articulations, as in 
- Ramalina ; they are frequently of a brown colour in old age. Elongated, sub- 
simple, or sub-ramose filaments also frequently, especially in the older spermogones, 
project from among the ordinary, spermatiferous ones into the cavity of the sper- 
mogone, which they fill, as in Ramalina. 

Specimen 6.—Falkland Islands, Antarctic Expedition, 1839-43, Dr Hooker. 
_ The plant more resembles our British plant than Dr Hooxker’s Tasmanian speci- 
- mens; the thallus is of a pale straw-yellow colour, granular or mealy on the sur- 
face, resembling herein Swiss or Norwegian specimens of var. alpestris. Many of 
the sterile ramuscles are not at all coloured at the apex; in others the spermo- 
gonesare short and degenerate, or abortive. The spermogones are frequently 
black; their ostiole is generally patent and large; the ramuscles, on which they - 
are seated, are always erect, never nodding. They are in some specimens associ- 
ated with apothecia, which are quite those of our British plant. 

Specimen 7.—Wallanchoon, Sikkim, Himalaya, alpine region, at an elevation 
of 13,000 feet; Jongri, Sikkim, alpine region, at 12,000 feet; Lachoong, Sikkim, | 
temperate region, at 4000 to 7000 feet, with apothecia; Lachen, Sikkim, alpine 
region, at 14,000 feet; Kambachen, Sikkim ; Yongma Valley, East Nepal ; all col- 
lected by Dr Hooker, - all in Herb. Hooker, Kew. All the — are 
spermogoniferous. | 

Specimen 8.—Var. portentosa, Duf., Ny). ; summit of Lion’s Face, 1844, Gar- 
DINER; Pentland Hills, 1828, sender’s name not given; also a specimen from 
GARDINER, habitat not given; all in Herb. Hooker, Kew. This variety appears — 
merely a form with'a coarse thick thallus, the spermogoniferous escuianantas scared 
short and closely aggregated. | | 


SPECIES 21. C. retipora, Fk. 


This is one of the most beautiful of Australian and Tasmanian lichens, in 
consequence of the reticulated or fenestrated character of the thallus. 

Specimen 1.— Tasmania, Antarctic Expedition, 1839-43, Dr Hooker. Its 
spermogones are precisely similar, in site and structure, to those of the preceding — 
species, but they are smaller, and always erect. They are frequently so minute, 
as to be with difficulty recognised even under the lens ; and are sometimes so rare, — 
that a great many specimens may be examined without finding them. They are f 
grouped as little, dark-brown horns, on the apices of the broad cancellated 
podetia. 

Specigs 22. C. aggregata, Sw., 


(Sym. Dufourea ocllodes, TAYLOR); occurs in equatorial Africa, America, Ae 
and Australia. 


| 
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In the character of its thallus, it closely resembles the preceding species. 
Tayor has associated this species with Dufourea, but very erroneously, I think ; 
for the spermogones and spermatia, as well as the apothecia and spores, are those 
of Cladonia.. Its spermogones and their contents are as described under C. 
rangiferina and retipora. 

Specimen 1.—Falkland Islands, Antarctic Expedition, 1889-43, Dr Hooxer. 
Both apothecia and spermogones are abundant. The podetia or divisions of the 
_ thallus bearing these different forms of reproductive organs differ remarkably in 

size and form. Those bearing apothecia are broad, short, thick, fastigiate supe- 
riorly ; the apothecia are much more crowded than in C. rangiferina, whose apo- 
thecia they otherwise resemble. The podetia or ramules bearing spermogones, 
on the other hand, are narrow and delicate, ‘ramose, much attenuated and elon- 
cated towards the apices, which generally bifurcate or divide into two or three 
patent erect ramuscles or horns, each of which bears a single oblong or barrel- 
shaped spermogone, generally longer than, but otherwise resembling, the same 
organ in C’. rangiferina. It is the podetia bearing — chiefly that are reti- 
porous and spongiform, as in C. retipora. 
Specimen 2.—Tasmania, Antarctic Expedition, 1839-43, Dr Hooker. In 
some specimens, I have seen delicate narrow podetia dividing at the apex into 

two terminal ramules, one thick and bearing apothecia, the other attenuated and 
bearing only spermogones. Other specimens were spermogoniferous only; the 
podetia were as strong, dark-coloured, and thick, as those usually bearing apo- 
thecia, sometimes even fastigiate superiorly. The spermogones are shorter than — 
in Falkland Island specimens, and grouped in tufts. 

Specimen 3.—New Zealand, Antarctic Expedition, 1839-43, Dr Hooxen. 
Both apothecia and spermogones are abundant; sometimes they occur on different 
divisions of the same famules, sometimes on different ramules. The ostioles of 
the spermogones arejgenerally visible. The podetia are usually smooth, seldom — . 
retiporous. The spermatia are curved and very delicate, of the same size and form — 
as in C. rangiferina. The sterigmata are also those of the species just named ; 
and besides the ordinary spermatiferous ones, sterile ramose filaments also occur, 
which, however, are seldom much longer than the fertile sterigmata. The chest- 
nut or brown colour of the thallus at once distinguishes C. aggregata from C. 


retipora or C. rangiferina ; but it may sometimes be confounded with states of 
C. furcata. 


FAMILY IX. PELTIGERER. 
GENUS I. NEPHROMIUM, Nyl. 


The spermogones of this genus resemble the Pycnides of Peltigera, in their site 
and external characters. They are marginal, brown, obtuse tubercles or cones; 
sometimes seated directly, like so many teeth, on the margin of the lobes of the 
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thallus; sometimes seated at the ends of tooth or fringe-like prolongations from 
the margin of the thallus. In the latter case, they are generally more barrel- 


| shaped than cone-like, and they resemble, though they greatly exceed in size, the © 


spermogones of Cetraria islandica. The ostiole is frequently very distinct, espe- 
cially if the spermogone is moistened ; the cavity is simple. There is this differ- 
ence, however, between the spermogones of Nephromium and the Pyenides of 
Peltigera, that the former have true spermatia and arthrosterigmata, while the 
latter have stylospores on simple sterigmata. The spermatia are straight and rod-. 
shaped, about gicth long, with a breadth of sth to xioth. They are sometimes 
also slightly curved, in which case they resemble those of Cladonia. | 


SPECIES 1. NV. tomentosum, Hoffm., 


Which occurs in Europe and Northern America. I have not been successful in find- 
_. ing spermogones in British or European specimens; and in foreign specimens I 


have found them in very few instances. They are comparatively rare. They 
are generally small brown knobs, cones, or tubercles, smooth on the surface, 
rounded and obtuse, pierced by a central pore. : | 

Specimen 1.—Scu#RER exs. 259 (sub Peltigera resupinata, a. tomentosa); _ 
in alpine woods, on trees and stones. The spermogones are distinct nodules or 
tubercles, seated either directly on the margins of the thallus, or on irregular and 
lacerate-edged prolongations from the margins of the lobes. They are of a paler 
reddish-brown than the rest of the thallus. The spermatia are rod-shaped or 
sub-ellipsoid, smoth long and « swith broad, seated on arthrosterigmata, which are | 


- among the thickest I nate seen, consisting of short, broad, thick-walled cells or 


articulations. 

Specimen 2. —Lachen, Sikkim, Binears. temperate region at an elevation 
of 10,000 feet, Dr Hooker; with apothecia. The thallus, at its edges, is divided 
into, or marked by, a nunber of long tooth-like segments or prolongations, each. 
of which bears at its extremity a large, barrel-shaped, very distinct or prominent _ 
spermogone. The latter organs resemble those of Cetraria islandica, or the Cla- 


donias, but are greatly larger. They are deep-brown externally, the ostiole very 


distinct, or becoming so under moisture. The cavity is simple; the spermatia 


are abundant, straight, and rod-shaped, about woth long and 3; sixth broad, seated | 


on the apices and sides of longish articulated sterigmata, which resemble those of 
Sticta and Collema. This specimen is sub nom. Nephroma resupinatum, in 
Herb. Hooker, Kew, and appears to be var. helveticum, Ach., which occurs in 
Europe, America, Asia, Mexico, and the Isle of Bourbon. 


GENUS II. NEPHROMA, Ack, pro parte, Nyl. 


It resembles, in the character of its spermogones, the foregoing genus, from which — 
NYLANDER separates it, apparently in consequence solely of the different character 
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of their gonidia. In Nephromium, according to NyLanpeER, the gonidia, or rather 
~ bodies representing gonidia, upon which he bestows the name gonima, consist of 
granules without a cell-wall, and which are chiefly bluish; in Nephroma, on the 
other hand, true gonidia occur, which have a distinct cell-wall and contents. In 
-aword, the one genus differs anatomically from the other, as Pannaria does 
from Psoroma. The separation seems to me a most unnatural and unnecessary one. 


Species 1. WN. arcticum, Fr., 


A large handsome species, which inhabits the arctic and antarctic regions. Ny-. 
“LANDER describes it as possessing small rod-shaped spermatia, seated on arthro- 
sterigmata, as in tomentosum. 


GENUS Ill. Panricera, Hof'm. 


Spermogones containing true spermatia,—that is, spermatia having the usual 
characters,—do not occur in Peltiyera; but there are sometimes found marginal 
- tubercles, resembling the spermogones of Nephromium, containing sporoid cor- 
_ puscles. The latter are regarded as spermatia by TuLAsNE; and as stylospores 
by NyLaNnver, with whom I concur. It appears to me very desirable to draw a_ 
distinction between spermogones and pycnides in regard to the character of their 
corpuscles, and to call spermatia corpuscles of uniform size, and generally more — 
or less linear form; and stylospores those which are variable in size, and generally 
more or less oval or pyriform. I have acted throughout the present monograph 
on this principle, in describing spermogones and pycnides respectively. This is 
a classification or nomenclature of convenience, and as yet provisional. It is quite 
unconnected with any view or theory as to the physiological functions of these 
corpuscles, and the organs which containthem. Viewing them by this light, then, 
the marginal tubercles of Saltigera are, in my opinion, Pycnides. There are not 
‘wanting, however, circumstances or analogies favourable to TULASNE's idea. He 
draws attention to the fact, that in Nephromium, bodies having the same site and 
same external aspect contain true spermatia seated on arthrosterigmata; he 
argues that the contained corpuscles in Peliigera merely differ in form; and he 
infers that in this genus, therefore, we must regard the conceptacles which contain 
these bodies as spermogones. The pycnides, then, of Peltiger a are largish brown” 
‘marginal tubercles, closely resembling the young apothecia, which are likewise 
marginal. They are so rare, however, that I have not once been fortunate enough 
to meet with them, and I therefore owe my descriptions to TuLasne.* The dia- 
‘meter of the organ in P. polydactyla is from jth to mth. The stylospores are 
generally oval or pyriferm, varying in length from jth to guth, with a breadth 

usually of goth to math; they frequently contain distinct oil globules in their in- 


| * Mém. Lich., p. 200, Plate IX. | , 
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terior,—a phenomena unknown in ordinary or true spermatia. The sterigmata, 
each of which bears at its apex a stylospore, are simple, linear, ramose at the 
base, resembling those of Lichina; their length being sometimes so great as _ 
to goth, their breadth 


Species 1. P. canina, Hoffm. 


The tubercles which constitute the pycnides are generally very obtuse, and 
so closely resemble young apothecia as to be readily mistaken therefor. They 
are usually, however, of a deeper brown colour. The cavity is simple and very 
narrow. The sterigmata are somewhat irregular in outline, and ramose at the 
_ base; they are almost solid, from thickening deposit in the interior of the cells 
- which constitute them. Each sterigma gives off in succession a series of 
stylospores. The contents of these stylospores are semifluid, and almost homo- 
geneous; they become dark brown in iodine water, while the cell-wall, which 
appears thick, is only coloured yellow. The greatest dimension of the stylospores 
is from sth to jth; the least from sth to math. The length of the sterigmata 
is about to sth, with a diameter of sth. BrerKkeLey takes the same. 
view, apparently, as NyLANDER and myself in regard to the character of the 
corpuscles, which we all agree in calling stylospores,—at least equally with similar 
corpuscles which occur in Lecidea Smithes and other lichens. 


Species 2. P. polydactyla, Hoffm. 


The diameter of the pycnides is from jth to mth. The stylospores are 
smaller than those of the preceding species, but otherwise the same; their length 
is about 4th; their breadth about half as much; they are oval, slightly curved, 
with very obtuse ends. From the characters of the thallus, apothecia, and spores, 


_ 1 am led to refer this species to canina, and the character of the ae confirms 
me in this opinion. . 


SpeciEs 3. P. rufescens, Hoffm. 


This and the two preceding species are all cosmopolites. The pycnides are 
as described in P. canina and P. polydactyla. The stylospores are oval, about 
sooth tO sooth long, and gth to sth broad. This species I refer partly to P. 
~ canina and partly to P. horizontalis, unless we look upon all the British Peltigeras — 
as mere varieties of one species, which I am greatly inclined todo. This genus 

wants simplification in regard to its species, which certainly pass into each other, 


and in this respect it is in the same alae? with Umbilicaria (Gyrophora), 
Ramalina, and Usnea. 


GENUS IV. Sonorina, Ach. ; 
In this genus I have not yet succeeded in finding spermogones or pycnides 
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belonging thereto, though I have occasionally met with sundry parasites closely 
resembling them, and for which they might be mistaken. 


Species 1. S. saccata, Ach., 


Which grows both i in America and Europe. The sterile thallus is sometimes covered 
over with black cones or tubercles, partly immersed, and with a distinct ostiole. 
These may readily be mistaken for spermogones; but their contents at once 
reveal their true nature They are found to be perithecia, containing brown 
3-4-septate oblong-oval sjores. This is the Sphwria urceolata, ScuxRER (in 
Hepp. exs. 475, f. 2), on lumestone rocks on the Pilatus, Switzerland; and En- 
docarpon psoromoides, Hook. and Leicuton, at least pro parte. This parasite, 
again, is apt to be confounded with Verrucaria psuromia, Nyt., which has simple, 
ellipsoid, colourless spores (Phacopsis —" Herr. exs. 475, f. 1, Verrucarta, 
Te E. B. 2612, f. 1.) 


Which occurs in America, and frigid or northern Asia. 

Specimen 1.—Brandon Mountain, Kerry, Ireland, CarroLtt; Wicklow, D. 
Moore, in Herb. Carroll. On one specimen there is a number of large black 
cones, resembling the pycnides of Dichwna rugosa, evidently parasitic, and having 
‘no relation to the Solorina, further than that they grow on it. They are closely - 
aggregated or grouped on the surface of the thallus, to which they give a very 
irregular warted character. The stylospores are very large—about ,ath to ~oth long 
and gath broad—apparen tly normally 1-septate, aN, full of granular or 
grumous matter. 


FAMILY 4 | 
-.GENUS I. Cerraria, Ach., Nyl. 
NYLANDER has retained three species in the old genus Cetraria, viz., the fruti- 
culose species,—placing those having a flat, broad, Parmelioid thallus in a separate 
genus,—Platysma. Undoubted!y, both groups are comparatively natural ; still it 
_ admits of doubt how far it is advisable to constitute two genera, rather than 
- merely two sections of a single genus. The spermogones differ somewhat in the 
two groups or genera. In Cetraria they are more of the character of those of 
Cladonia than in Platysma. They are barrel-shaped organs, seated on the apices — 
of the ultimate ramuscles of the thallus, as in acu/eata, or on cilia, fringing the 
margins of the laciniee, as in Jslandica. In neither case are they very con- 
spicuous, unless on careful examination. They are of the same colour as the 
_ thallus; hence the line of separation or junction of the thallus and sper- 
mogone is not so distinct as in Cladonia. Neither are they so large nor so 
distinctly barrel-shaped as in that genus. They vary greatly in length, being 


| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 


176. DR LAUDER LINDSAY ON THE SPERMOGONES AND PYCNIDES 


sometimes short and broad, at other times long and narrow. Where the mar- 
ginal cilia are very short or wanting—in C. Jslandica—the spermogones appear. 
seated directly on the margins of the laciniz, like so many teeth, resembling the 
spermogones ‘of the Platysma group. The thallus of C. aculeata terminates in — 
delicate ramuscles or spinules, the tips or horns of which are formed by its sper- 
mogones. These organs are generally very delicate and minute, with difficulty 
recognised even under the lens, or untii subjected to pressure in water between 
glass slides under the microscope, when the emission of myriads of spermatia 
betrays their true character. The length of the spermogone in C. aculeata scarcely 
exceeds jth to ath. The cavity is usually simple. The spermatia are straight 
and linear, about gmth to sooth long, with a breadth of x; sath to swath. The sterig- 
mata are generally composed of a few linear delicate cells or articulations; 
occasionally they are simple, or consist of single — as in Platysma. 


Which is almost a cosmopolite, oceurring in Europe, America, and Asia (northern 
Himalayas). 
Specimen 1 —Large form of thallus, with broad lacinie; var. b. platyna, 
Korn. 44; Ben Macdhui, Braemar (Cairntoul side), August 1856, W. L. L. The 
margins of the lacinix are chiefly naked ; the marginal cilia are so short that 
_ the spermogones appear directly seated on the margins of the lacinize as denti- 
culate warts or tubercles, not distinctly barrel-shaped. _ 2 

Specimen 2.—Summit of a hill near Kinsale, Ireland ; coll. by J. SULLIVAN; in 
Herb. Carroll, who says—“ This is rare in Ireland; I have never observed it.” 
he plant bears no apothecia, as is generally the case also in British specimens ; 
but it is abundantly furnished with marginal cilia, many of which are spermo- 
goniferous. The latter are tipped with small, short, deep-brown barrel-shaped 
warts. The sterile cilia are generally longer, more wavy, and have pale apices. | 
The spermatia are rod-shaped, about ;th long, and ,aisth broad. The sterig-. 
mata are shortish, and consist of a few — or linear articulations, a as in many 
of the Parmele. 

Specimen 3.— Hepp. exs. 169 ; among moss on the Hiitli, Switzerland ; abun- 
dant in fructification on St Moritz.. The spermogoniferous marginal cilia are short, 
but numerous. The sterigmata are of a few articulations, or sub-simple. 

Specimen 4.—Scu £RER exs. 22 (sub var. culgaris), Switzerland. The marginal 
cilia are short, and not terminating in a distinct barrel; many of them are bifid, 
trifid, or proliferous. The spermatia are delicate needles of medium size, that 
is, about goth long, and x somth broad. The sterigmata are short, indistinct, 
broadish, and of a few articulations. 

_ Specimen 5.—Ben Lawers, June 1856, W. L.L. The spermogones are seated 

on longish marginal cilia ; they are broader, or bulge more, towards their apex 
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than base, and they vary much in length. Some of the cilia are bifid, or 
irregularly knobbed at the ends;. these are always abortive or sterile. The 
function of these cilia is generally considered to be merely to act as pedicels to 
the spermogones. TUuLASNE speaks of two or three spermogones sometimes being 
united ; this I have never seen. 

Specimen 6.—Mount Forster, near the top, Cape Horn; Dr Hooker; in Herb. 
Hooker, Kew. The spermogoniferous marginal cilia are long and prominent. 
This and the — belong to var. crispa, Ach. 


Specirs 2. C. Fr., 


Which occurs in America and Europe. The very ramose branches of the thallus 
divide at their summit into very delicate ramuscles, short and divaricate, some of _ 
which resemble cilia or spinules. Some of the latter, again, have black or very 
deep-brown bulging tips; and these, under the lens, are found to be oval or oval- 
| truncate spermogones, resembling the parrel-euaped ones of Cladonia rangiferina. — 
The length of the spermogone scarcely exceeds &th to Ath, and that of its support or 
pedicel isabout th. The spermatia are usually from to long, and 
broad. The terminal spinules here are analogous in function to the marginal 
~ ones in the preceding species. The thallus of the plant varies greatly in regard 
to the number and ramoseness of its branches, and the — of the spermo- 
goniferous or sterile spinules. 
Specimen 1.—LeiGut. exs. 3, Hill, The spermatia 


and sterigmata are so minute as to be with great difficulty seen. The ciliate- 


spinulose varieties, described by various authors, are probably chiefly spermogon- 
iferous states of plant similar to this. 


GENUS II. -PLatysMa, Nyl. 


In this genus the spermogones generally occur as black or brown tubercles 
or cones, scattered on the crisped margins of the thalline lobes, to which they 
give more or less of a denticulate or nigro-ciliate character, as in P. nivale, cucul- 
latum, ciliare, and juniperinum. This has not escaped the older lichenologists, 
who have described such spermogoniferous states as varieties. Sometimes the 
spermogones occur on prolongations of, and from, the margins of the thallus, and 
occasionally, though very rarely, they are scattered on. the flat surface of the 
thallus, as brown, grain-like bodies, seated on pale, inconspicuous, thalline papille, 
as in a form of sepincola. They are frequently very distinct and easily seen, from 
the contrast of their dark colour with the beautiful lemon-yellow of the thallus, 
as in nivale and cucullatum. The cavity of the spermogone is simple; the en- © 
velope deep-brown, of regular, distinct, roundish cells. The sterigmata are gene- 
rally formed of a few irregular articulated ceils. The spermatia are straight and 
linear, about jth long, with a breadth of sith to smth. NyYLaNnper describes 
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them as either thickened at one or both ends, and he divides the species of Pla- 
tysma into sections, according as their spermatia have the oneor other cha- 
racter. This I have not specially noticed. But either NYLANDER or his printer 
makes a strange mistake, in his ‘‘ Prodomus’” or “ Synopsis,” in regard to the 
names of the species having spermatia thickened at one or both ends. In the 
former volume (p. 49), he arranges under,— 
_A. “ Spermatia versus apicem modo alterum fusiformi-incrassatula,” 
P. cucullatum and P. nivale ; and under,— 
B. ‘¢ Spermatia apice utroque leviter fusiformi-clavata,” 
P. juniperinum, glaucum, and sepincolum. — 
{n his Synopsis, again (p. 37), he gives, as instances of,— _ : 
I. “Spermaties aciculaires un peu épaissies en fuseau 4 l'une de leurs extré- 
mités (sperm atia acicularia versus alterum apicem leviter fusiformi-incrassatula), " 
P. glaucum and P. juniperinum ; and, of— 
tl. “Spermaties aciculaires légerement épaissies en voisinage de leurs 
extrémités (spermatia versus utrumque apicem levissime fusiformi-incrassata),” 
P. nivale and P. cucullatum ! © 


There is surely some typographical error to account for such a manifest con- 
tradiction ! 


P. nivale, L., 


Which occurs in northern America, as well as in Europe. Its spermogoniferous 
states constitute the var. denticulata of ScHARER. p. 14, “Thali ora 
nigro-denticulata.”’) 
Specimen 1.—Letcut. exs. 43; Clova, Scotland. The spermogones are deep- 
_brown or black, minute, round, prominent warts, fringing the crisped edges of the 
| lacinixe, or seated on tooth-like prolongations from their margins. The ostiole is 
inconspicuous. The spermatia are rod-shaped, about jth long, and Ath broad ; 
the sterigmata consist of a few irregular articulations. 

"Specimen 2.—ScHARER exs. 19; Switzerland. Spermogones asin No.1. 

Specimen 3.—Disco Island, Arctic America, Dr Lyaui, 1852; no apothecia; 

spermogones abundant. FRANKLIN'S first journey; broad-lobed form of thallus. 
Both apothecia and spermogones abound. In Herb, Hooker, Kew. | 

Specimen 4.—Lochnagar, Braemar, Professor Dick1E; ‘specimen closely re- 
sembles P. cucullatum, and is apparently a transition form. . | 
Specimen 5.--Sugar-loaf Mountain, County Wicklow, Ireland, in which 
country it is very rare; D. Moore, in Herb. Carroll; no tenance but spermo- 
goniferous. 

Specimen 6.—Plants of es No. 394, coll. ch A. CROALL of Montrose ; 
source of Dee, August 1855 ; perme as in No. 1. 
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Species 2. P. cucullaium, Hoffm. 


The close ally and frequent companion of the preceding species. On the Nor- 

wegian mountains. I almost always found these two species growing in the same 
tuft. Indeed they would appear to graduate into each other. Their apothecia 
and spermogones are quite alike, as are also their spores and spermatia. The 
‘spermogones are deep-brown minute tubercles, fringing the crisped margins of 
the lacinise, precisely as in nivale; they are generally flatter and more irregular 
as to size than in the species just named. 

Specimen 1.—ScHARER exs. 18; Switzerland. The spermogones are chiefly 
seated about the apices of the laciniz. The spermatia are rod-shaped ; the sterig- 
mata articulated, thickish, short ; their bases pale-brown, as is also the cellular 
tissue of the envelope. 

Specimen 2.—Arctic Coast, Garray Island, 1850, Captain Putten ; Kotestvae 
Sound, BrecHEy; apothecia abundant. In all these specimens, which arein Herb. . 
Hooker, Kew, the spermogones are as above described, or as described in P. nirale. 
Ina specimen from Norton Sound, the Rev. Cuurcuitt Basrneron remarks, that 

the “ upper part of the thallus is sparingly fringed with black teeth.”* This he 
does not at all seem to be aware is bee: ordinary seieaemeaman ani state of the 
plant. 


Species 3. P. juniperinum, L., 


And its var. pinastri, Scop.; both of which occur in America and Europe. Its 
spermogones are similar in. site, appearance, and contents, to those of the two 
preceding species, being small black warts or points, fringing the crisped borders 
of the lobes; seldom so numerous or so closely aggregated as to give a nigro-den- _ 
ticulate character to the thallus, as in P. nirale. They are generally easily dis- 
tinguishable, from the contrast of their dark colour with the beautiful yellow of 
the thallus. Korper describes the spermatia “as almost club-shaped.” They 
have always appeared to me to be simply needle-shaped, and if there is any de- 
viation from the linear form, it is probably very slight and unimportant. — | 
Specimen 1.—Scu#rer exs. 20 (sub var. a. terrestris). The spermogones are 
brown; they are most abundant in the right-hand specimen in my copy. The 
envelope is deep-brown, of regular, distinct, roundish cells. The spermatia are 
— delicate needles of medium size, longer than in the two preceding species. The 
sterigmata are short, thick, and composed of a few indistinct articulations. 
Specimen 2.—West coast of North America ; on twigs; FRANKLIN’S first voyage ; 
Arctic Islets, Sir E. Parry ; all in Herb. Hooker, Kew. 
exs. No. 52, 1810: Alps; P. de Cauteret, SpRuce’s 


. Seman’ s are of the Voyage of H.M.S. Herald, during 1848-52, p. 47. Enumeration 
of me Lichens of Norton and Kotzebue Sounds. By Rev. Cavacuiu BaBINGTON. 
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“Lich. Pyrenzei;” approaches virescens, TuckKERM. One specimen has spermo- 
gones in little black tufts dotting over here and there the margin of the lobes. 
Alps of Dovrefjeldt, 1828; Sommerfeldt Itin. Some specimens are nigro-denticu- 
- late with spermogones, as in P. nivale. The above species are a contained in 
Herb. Hooker, Kew. 


Species 4. P. citrinum, Tayl, 


A native of Java; a beautiful species, with a broad-lobed lemon-yellow thallus. 
The spermogones are marginal, minute brown tubercles, resembling, but scarcely 
so prominent as, those of P. nivale. 


Species 5. P. glaucum, Hoffm., 


Which occurs in Europe, America, and Asia. Korper says, “ Spermogonien sah 
ich noch nicht,” and certainly they are not very common. 

Specimen 1.—Sierra de Estrella, Portugal; Wetwirzscu. “ Crypt. Lusitan.” 
No. 116. The thallus approaches: var. fallax, Sch., in the division of its lobes 
into lacinize, which again have their margins frequently studded over with isi- 
dioid growths. The spermogones are marginal, crowded, indistinct, minute, 
brown tubercles, which add to, though they seldom of themselves give, a denti- 
culate character to the margins of the lobes. 

Specimen 2.—Var. fallax of authors ; Scotland; in the Menziesian Herbarium, 
Royal Botanic Garden, Edinburgh. The plant bears no apothecia; the lobes are 
laciniate, and their margins isidiiferous. Some of the specimens belong, undoubt- 
edly, to Parmelia perlata, with which this Platysma is frequently confounded, 
especially the var. fallax of the latter with var. ciliata of the former. The sper- 

mogones of the Parmelia are, however, quite different from those of the Platysma. 

_ They are punctiform, black, immersed, and scattered on the flat surface of the 
lobes of the thallus near their margin. In this Scotch specimen of var. fallax 
there are no spermogones; but a few occur in a specimen of the same var. from 
the west coast of North America, 1787; collected by ALEx. MENzies himself. 
Apothecia occur at the ends of the laciniz ; the margins of which lacinize and 
lobes are very isidioid. The tooth-like isidia are sometimes tipped with spermo- : 
gones; but the majority of them are sterile. American specimens of some other 
Platysme are occasionally en. while British specimens are not,— 
such i is P. 


Species 6. P. lacunosum, Ach., 


Its spermogones are marginal, as in the preceding species, between which and P. 
ciliare it is intermediate in regard to their size and appearance. 
Specimen 1.—West coast of North America; Oregon, SCOULER ; ; in Herb. 
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Hooker, Kew. The spermogones are longish, brown, erage tubercles. or warts, 
frequently becoming enlarged and deformed. 

Specimen 2.—On trees and pales, New England, U. S. America ; Pocmieinase, 
No. 6, exs. (sub Cetraria lacunosa, 8. Atlantica). The margins of the lobes are 
studded over with chiefly degenerate spermogones, which do not give so charac- 
teristic a fringe or denticulate appearance as in P. ciliare. Besides being marginal, 
the spermogones are frequently studded over the flat surface of the lobes near 
their margin. Cambridge, Massachusetts; on pales; TucKERMANN; in Herb. 
Menzies, Royal Botanic Garden, Edinburgh. The spermogonal fringe of the lobes 
is similar to that in P. ciliare, but the spermogones are smaller. Sometimes 
they are studded over projections from the margins of the thallus. 


Species 7. P. ciliare, Ach. 


It is frequently confounded with P. sepincolum, but is distinguishable by its 
marginal spermogones, which are very distinct, constant, and crowded, and which 
give the thalline lobes a peculiar warted appearance. Its name has been conferred, 
it would appear, not in allusion to its spermogones, which might earn for it the 
name rather of denticulata, but on account of occasional marginal fibres,—strong, 
darkish, and branching,—with which it is also furnished. | 

Specimen 1.—Schooley’s Mountains, North America, June 1856; Dr A. O. 
Bropiz. The spermogones are largish brown cones or warts; more abundant, | 
more distinct, and more constant, than in-any of the other species of Platysma. 
The thallus is greenish-gray, smooth and shining above, whitish and lacunose 
below ; the laciniee are sometimes narrowish. The spermogones somewhat re- 
~ semble those of P. sepincolum, which, however, I have met with only on the sur- 
face, not on the edges, of the thallus. The spermatia are acicular, and about 
wath long; the sterigmata are simple, or of a few articulations. | 

Specimen 2.—Cambridge, Massachusetts, TucKERMANN; in Herb. Menzies, 


- Royal Botanic Garden, Edinburgh; with apothecia. The spermogones are very 
_ distinct, barrel-shaped organs, seated on the ends of cilia, or tooth-like projections 


from the margin of the thallus. They thus somewhat resemble the spermogones 
of Cetraria Islandica, but are much shorter. The ordinary form of spermogones — 
occurs in TUCKERMANN’S eXs. No: 5; on trees and pars, New U.S. 
America. 


SPECIES 8. P. Hoffm., 


Which occurs in Europe, America, and Asia. ; 
— 1.—On trees, Ingleby Park, Cleveland, Yorkshire, 1 1854; collected by 

. Mupp. The spermogones are abundant as small olive-brown prominent 
A tubercles or papille ; nen or sub-pedicellate ; seated on slight pale 
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papillar elevations of the thallus, scattered on the flat surface of the lobes near 
their margin. Occasionally, but rarely, they would appear to occur on the crisped 


- and curled margins themselves; in which case, it is impossible to distinguish — 


them from those of the preceding species. The cavity of the spermogones is simple, 
regular, round; the envelope consists of a brownish or olive-coloured cellular 
tissue. The spermatia are rod-shaped or acicular, and about j «th long, on the 
apices chiefly of short, simple, inconspicuous sterigmata. 

Specimen 2.—Owhyhee, Sandwich Islands, 1794; collected by ALEX. MENZzIEs; 
in Ilerb. Menzies ; and also California, 1793; both in Herh. Royal Botanic Garden, _ 
Edinburgh. The margins of the lobes are fringed with small brown or black. 
tooth-like spermogones, as in P. ciliare, to which MENziEs’s plant may 
really belong. | | 


FAMILY XI. 
GENUS I. Umptnicaria, Hoffm. 


There is great uniformity in this genus in regard to the internal structure, or 
the contents, of the spermogones. . In all the species the sterigmata are articu- 
lated, and the spermatia very numerous, short, and rod-shaped. Externally the 


" spermogones vary somewhat. They are always more or less immersed in the 
- substance of the thallus; but their ostioles exhibit every gradation of form be- 


tween the papilla and the mere point. Their colour externally is usually black, 

and, as a general rule, they are easily seen in proportion as the thallus is light- 
gray or copper-coloured. Sometimes the spermogones are largish flattened cones, 
or even tubercles, with a depressed apex. These cones may be perched on papillar 


elevations of the thallus, which render them still more prominent. Sometimes 


they are apparent on the surface of the thallus as mere immersed black points, 
flat or depressed. _ Round these points, which are the ostioles, the cortical layer 


_ of the thallus may be ruptured or fissured in a radiating manner, or the thallus 
_ may form a sort of ring round the black punctiform ostiole. This osticle is’ 


usually simple, round, very minute, and inconspicuous. But in old spermogones 
it frequently becomes gaping and very prominent, irregular in form, triangular 


_or stellate-fissured. The thallus sometimes appears: dotted over with largish 
irregular black perforations, which are the ostioles of old spermogones. More- 


over, the nucleus or body of old spermogones frequently falls out, and irregular 


— saucer-like cavities are left. The size of the spermogones varies greatly. They 


may be so minute that they are scarcely visible even under the lens, as in U. 
polyphylla ; or they may be very large aud distinct, as in some forms of U. vellea, 
U. hirsuta, and U. cylindrica. In U. proboscidea their diameter is 5th to jth; 
in U. erosa ith to sth; and in U. hirsuta their depth is jth to ath. They are 
generally scattered in large numbers about the margins of the lobes on their flat 
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surface; sometimes they are scattered among the apothecia; at other times they 
are met with only on specimens or thalli bearing no apothecia. The envelope 
is brown or black, and very thin, being formed of hexagonal or roundish cells. — 
The internal tissue is grayish and horny; and the body of the spermogones is 
easily enucleated with a needle. The cavity is simple, and more or less spheri- 
cal. The arthrosterigmata are longish, as in Sticta and Collema, ramose, and 
densely aggregated into a more or less compact tissue; they are made up of. 
short, roundish, or cubical cellules, which become thickened by deposits on their 
‘internal walls. Their length in U. pustulata is y:th to 4th; their breadth varies 
from auth to jth. The spermatia are rod-shaped bodies, seated on the apices 
-and sides of the — their length is about swith to raonth their breadth 
to smth. | 


Species 1. U. pustulata, Hoffm., 


Which occurs in Europe, Africa, and northern America. It is the type of a sec- 
_ tion distinguished by 1-spored thecze, constituting the genus Lasalia, Mér., and in- 
cluding the two following species—U. papulosa and U. Pennsyleanica. Its sper- 
mogones are usually isolated, obtuse, very prominent, black cones, round which | 
the cortical or epidermic ayer of the thallus is sometimes ruptured or raised ; 
their diameter is about 3th to | 

Specimen 1.—Vartmoor; in Herb. Hooker, Kew. The specimens from. this 
station are very large,—the thallus being as handsome as in specimens collected 
by me on the Norwegian mountains, and more so than those got in the Isle of 
Skye (base of the Coolin Hills). The spermogones arc abundant, but there are 
usually no apothecia. On one specimen, however, from the “ Two Tors on Dart- 
- moor, near — Aug. 1836,” the apothecia, as well as the spermogones, 
abound. 

Specimen 2. in Herb. Hooker, Kew. Both and sper- 
mogones are Plentiful and distinct. The Spertiatis are about ; sath long, with a 
breadth of sith. The sterigmata are about ;,th to ;,th long, with a breadth of 
inmth, articulated as in Sticta or Collema. | 

Specimen 3.—Sierra de Gerez, Portugal ; WELwitzscu, Cnt) Lusit., No. 107 ; 
with apothecia; in Herb. Hooker, Kew. The spermogones are superficial, large, 
distinct papillee, scattered over the pale-gray pustules of the thallus. Sometimes 
these papillze seem immersed, from being surrounded by a collar of the cortical 
layer of the thallus, which they fissure in a stellate-radiate manner. Occasionally — 
the spermogones are mere immersed black points. | 

Specimen 4.—Puerto de Leiteriegos, Durieu, ‘“ Plant. select. Hisp.-Lusit.,” 
No. 58; in Herb. Hooker, Kew. Apothecia are plentiful; the spermogones are 
scattered about the margins of the pale-gray thallus as . distinct, black 
papillee, with a distinct round or regular ostiole. 
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Species 2. U. papulosa, Ach., 


Which occurs in North America and in the Himalayas. It closely resembles, in 
its thallus, apothecia, and spermogones, the preceding species, and I know of no 
good distinctive marks, such as to justify their separation as species. 

Specimen 1.—British North America ; United States; North Carolina; Lemel 
Mountain, Pennsylvania; in Herb. Hooker, Kew. The spermogones are plenti- 
ful as minute black papille, scattered in groups towards the periphery of the 
thallus. The spermatia are rod-shaped, long, and broad, on arthro- 
sterigmata, as in U. pustulata. 

Specimen 2.—Schooley’s Mountains, North America ; July 1856; Dr A. 0. 


Brovie. Apothecia and spermogones abundant, but the former are chiefly 


degenerate. ‘The thallus is of a light-gray or brownish-gray tint, on which the 
minute, black, papillar spermogones are easily recognised. They appear to the 
naked eye as very small black grains, scattered all over the thallus, including its — 


_ pustular elevations, but most abundant about the margins of the thallus. They 


more resemble: the spermogones of U. polyphylla than of any other species of | 
Umbilicaria. The ostioles are invisible even under the lens. The sterigmata 


are irregular in outline, and are composed of short, broad, haematite irregular | 
cells. The mans are as described 1 in No. 1. 


SPECIES 3. U. Pennsylvanica, Ach. 


livia 1.— White Mountains, North America ; TuckERMANN; in. Herb. 


Menzies, Royal Botanic Garden, Edinburgh. The thallus is of a pale-brown, 


darkest about its margins. The spermogones are paler than the thallus; hence 
they appear scattered abundantly about the margins of the thallus as white . 
sago-like grains. They are large papillee,—among the largest spermogones I have 


met with in Umbilicaria,—and they have a distinct. round, or 


ostiole. 
Specimen 2. s First Journey ; in Herb. Hooker. Kew. The spermo- 


gones are plentiful about the periphery of the — as distinct black papilla 
with stellate-fissured ostioles. 


Species 4. Mihlenbergii, Ach., 


Like the two preceding species, a native of North America. This and the follow- 
ing species have 8-spored thece and simple spores. | 

Specimen 1.—White Mountains, North America ; TUCKERMANN : ; in Herb. 
Menzies, Royal Botanic Garden, Edinburgh; and its var. 8 alpina; with apo- 
thecia. Spermogones are plentiful about the margins of the thallus as small, 
distinct, flattish papille, of the same colour as the thallus, or not greatly darker, 
with ostioles more or less distinct. 
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Specimen 2.—Rocky Mountains, North America; in Herb. Hooker, Kew. 
Spermogones are abundant as black papille, with central roundish pores or ostioles. 
The spermatia and sterigmata are as described in the preceding species. 


SPECIES 5. polyrrhiza, i. 
Which occurs in Europe and Asia. This is the familiar Gyrophora pellita, ae 
of the earlier lichenologists. | 

Specimen 1.—Hills above Loch Freuchie, Amulree, Perthshire, May 1856, W. 
_L.L.; no apothecia. The spermogones are plentiful, especially about the peri- 
phery of the thallus, as small papillze, of the same colour as the thallus. Hence 
they are not easily seen, and this, therefore, is one of the worst. species in which 
to study the spermogones of Umbilicaria. These papillze are pierced by a very 
_ minute, round, or stellate-fissured ostiole. In many cases there are no papille, 
and the ostioles then appear directly to perforate the thallus, which may appear 
studded over with patent, black, irregular — as in P. saxatilis, var. 
omphalodes. 

Specimen 2. —Lochnagar, Braemar, August 1854 ; Plants of Braemar, A. aces 
No. 197; with abundant apothecia. The spermogones are chiefly sub-marginal, 
punctiform, depressed, and inconspicuous. In other specimens from the same 
locality, collected by Mr Croat (in Herb. meo), but not bearing apothecia, the 
margins of the thallus are studded over with minute depressions, which appear 
_ to be old spermogones. Papillar spermogones occasionally occur, pierced by a 

black, minute, round, or irregular ostiole. The body of tiie spermogones has in 
- some cases fallen out, leaving saucer-shaped cavities, with turgid black — 
borders. 

Specimen 3 -Elighlands of Scotland, 1778, collected by ALEX. MENZIES; in 
Herb. Menzies, Royal Botanic Garden, Edinburgh. The thallus is very pale; 
hence the black apothecia are well seen by contrast of their colour. The s eaneetl 

gones are also distinct, but they are chiefly old and deformed. | 
__ Specimen 4.—North-west America (sub nom. G. pellita and G. vellea); in 
Herb. Hooker, Kew. Spermogones are plentiful about the periphery of the thallus, 
_ as small black papillze, mcarcehy distinguishable, however, on the — or 
brown thallus. | | 


Which occurs in Europe, America, and Asia, with its var. deusta, Ach., Fr, which 
inhabits Europe and Asia at least. = 
‘Specimen 1.—Ben Macdhui, Braemar, August 1856, W. L. L. + This appears 
to be a transition form into U. hyperborea, but the thallus is not yet pustular or 
warted. I may here mention, that most of the British species, at least, of Umbi- 
licaria, pass into each other, as regards the thallus and apothecia; while the 
spores and spermatia are essentially the same in all. I therefore prefer, with 
VOL. XXII. PART I. ee 
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LEIGHTON,* to regard them as varieties of one species, rather than to look upon 
them as separate species. This specimen is associated with forms of U. hyper- 
borea, which are generally referred by authors to U. erosa. The spermogones are 
abundant on some of the lobes, as very minute indistinct papille. 
Specimen 2.—Roadside walls, opposite Invercauld, Braemar, August 1856, W. 
L. L.; no apothecia. The spermogones are minute arice cones, with a deep- 
brown cellular envelope, and rod-shaped spermatia, about sth long. 
Specimen 3. —Lochnagar, Braemar, July 1855, ALEx. CroatL; Plants of Brae- 
mar, No. 392; no apothecia. Spermogones are scattered indiscriminately over 
the thallus as small, indistinct black papillee, with no perceptible ostiole. From 
~ the dark colour of the thallus, and the fact that the spermogones are generally 
more or less of the same tint as the thallus, and hence not easily distinguished, 
this is a bad species, like U. polyrrhiza, in which to suey the spermogones of | 
Umbilicaria. 
Specimen 4 —Howden Gill, Cleveland. Yoreliire 1854; coll. W. Move ; no 
apothecia. Spermogones are plentifully scattered all over the thallus, but they are 
~ most minute black papillee, scarcely visible even under the lens. Their walls are 


deep-brown ; their spermatia and sterigmata cisuinict, and of the characters de- 
scribed in the foregoing species. | 


| 7. Hoffm., 

| And its var. arctica, ‘SomMMERF., which occur in Europe and America. _ | 
Specimen Y.—HeEpp. exs. 116, sub Gyrophora; syn. Moua. and exs. 

1047; on granite rocks, St Moritz; with apothecia. Spermogones are scattered 
over the copper-coloured thallus, as black cones or papillee, largish and distinct, 

‘some flattened, a few depressed, others slightly raised. The envelope is of a deep- 
brown hexagonal cellular tissue; the spermatia and ai ee, are as in U. pus- 

tulata, and the other species already described. 

Specimen 2. —Brandon Mountain, County Kerry, D. Moos: in Herb. 
Carroll. The surface of the thallus consists of, or is marked by, a series of 
convolutions, so arranged as to appear like an agglomeration of warts. On the 
tops of these are perched the spermogones, as small black papilla, with sub- — 
prominent ostioles. The cortical layer of the thallus is often eroded, exposing 
the subjacent white medullary tissue. The spermogones on such portions of 
thallus are very distinct, as round brown points, seated on the tops of whitish _ 
pulvinuli. The spermatia are about goth to gth long; the sterigmata are longish 
and distinct. 
Specimen 3. -—Nekths-aneek Passage, Parry; Walden Island, Parry; in Herb. 
Hooker, Kew. In one of Parry’s specimens spermogones are abundant. 


* “ Monograph of om British Umbilicaria.” By the Rev. W. A. Leiauton —Annals of | 
Nat. History, Oct. 1856 ; and — as a separate pamphlet. 
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SpeciEs 8. JU. erosa, Hoffm., 


Which occurs in Europe and America. This appears to me a particularly bad 
species, inasmuch as all the Umbilicarias are liable to erosion of the margins of 
the thallus, though this is greatest in the preceding species, to which U. evosa 
ought chiefly to pertain as avariety. Next to U. hyperborea, erosion of the thallus 
is common in U. proboscidea and U. cylindrica. Though spermogones are usually 
abundant in U. erosa, they are not easily seen, from being of the same colour as 
— the thallus, or from their minute size. They are papilleeform or punctiform; im- 
mersed; with a diameter of jth to ;,th. The cavity is simple; the _er 
' black, and moderately thick ; and the internal tissue ash-gray. 
Specimen 1.—Ben Macdhui, Braemar, August 1856, W. L. L. Spermogones are 


_. abundant and distinct as biack cones or papillz, scattered about the margins of the 


pitchy or bronze-coloured thallus. They are intermediate in size, between those 
of U. cylindrica and U. polyphylla ; the spermogones of the latter species being 
the smallest I have met with in Umbilicaria. The ostiole is generally distinct, 
- round, chink-like, triangular or stellate-fissured, according to age; in the older 
‘spermogones it is large and patent. The spermatia are rod-shaped, and about 
wath long. Another specimen from the same locality has more the character of 
U. cylindrica ; but the margin of the thallus is decidedly and distinctly erose. 
The spermogones are mostly old; the ostiole is large and saucer-like, surrounded | 
_ by a turgid black border. The thallus seems roughened over with a multitude 
_ of little saucers, which are most profusely scattered about the edge of the lobes. 
Specimen 2.—Ben Nevis, August 1856, W. L. L. Old spermogones are here 
also abundant, especially about the periphery of the thallus. They have large 
saucer-like ostioles. | 
Specimen 3.—Hills east of Isle of Skye, August 1856, 
apothecia abundant. ‘This appears to be a mere form or state of U. hypertorea. 
The spermogones are large black warts or papille, scattered over the bronze-— 
coloured thallus. The spermatia are about wath long; the sterigmata irregular, 
thickish, composed of short roundish cells or articulations. 
_ Specimen 4.—Highlands of Scotland, 1778; collected by ALEx. MENzIEs; jn 
Herb. Menzies, Roval Botanic Garden, Edinburgh. This-plant, too, has quite the 
aspect of U. hyperborea, except as to the erose or eribriform thallus. It is beau- 
tifully studded over with spermogones. . 
Specimen 5.—Mangerton, County Kerry, Ireland ; coll. CARROLL. 


lus much deformed. The spermogones are minute black papille; of the [ 


old ones nothing remains but the irregular gaping ostiole. The cavity seems — 
frequently multiple, apparently from coalescence of several spermogones Asso- 
ciated with the ordinary spermatiferous sterigmata are numerous long, hyper- 
trophied, sterile filaments, somewhat as in Hamalina, but neither so long nor so 
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ramose. The ordinary sterigmata are about jth to jth long; the spermatia 
long, and broad. 

Specimen 6.—Shores of Loch Muick, Braemar, August 1854; A.CroaLu. The 
margins of the thallus are covered with a mass of papillar elevations, apparently of 
the thallus itself, and not differing in colour therefrom, each pierced by a distinct 
round or irregularly fissured ostiole. These are the spermogones which are not. 
easily seen, from being concolorous with the thallus. | 

Specimen 7.—From Don’s Herbarium, now in the possession of Mr Macnas, 
Royal Botanic Garden, Edinburgh ; habitat not given. Spermogones are abun- 
dant as large, distinct, cone-like warts, scattered among the apothecia, with gene- 
rally an indistinct stellate-fissured ostiole. | 

Specimen 8.—Achtermannshohe, Hartz Mountains, Germany ; coll. Biawee | 
1846; exs. No. 7. The thallus is referrible to U. hyperborea ; the apothecia 
resemble those of U. polyr rhiza. Spermogones are abundant as wary minute black 
points. ! 

Specimen 9 —SCHARER exs. . 158 ; on granitic rocks ; ; Alps, Switzerland. The 
spermagones are scattered Rey over the thallus as black elevated papille, 
pierced by an indistinct ostiole. 


SPECIES 9.  U. proboscidea, DC., 


Which occurs in Europe, America, and Asia. This appears to me a a particularly 
ill-marked species, which is —* referrible to U. pol uphylla, U. hyperbored, and 
U. ¢ ylindrica. 

Specimen 1.—Iceland ; in Herb. Hooker, Kew. The thallus i is of a very sale: 
grayish colour, and has submarginal largish black spermogones, whose diameter _ 
is from ath to ith. 


SreciEs 10. U. cylindrica, L. Fr., 


Which occurs in Europe, America, and New Holland. This is a species or variety 
—according to the view taken of the classification of the Umbilicarias—com- 
paratively well-marked, when it bears its characteristic marginal fibres or cilia ; 
but these are frequently absent, in which case it passes into the oo species, | 
and others. | 
Specimen 1.—Top of Ben Lawers, Perthshire, June 1856, W. L. L. The 
thallus is gray, thick, and much curled or gnarled. Spermogones are especially | 
abundant on specimens bearing no apothecia ; in them they are scattered gene- 
rally over the whole surface, while in specimens with apothecia they are chiefly . 
confined to the margins. They are distinct black papille or cones, varying 
greatly in size, some of them very large. In the older spermogones the ostioles are 
large, gaping, and sometimes saucer-shaped ; in the younger ones they are some- 


> 
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times triangular, chink-like, or stellate-fissured. In other specimens from the 
same locality, the spermogones are very minute papillxe, scarcely conspicuous ; 


or there is merely a round black spot, perforated by an ostiole. This is an — 


excellent species in which to study the spermogones of Umbilicaria. The sper- 
matia are rod-shaped and short. The — are composed of short, thick- 
walled, roundish cellules. 

Specimen 2.—Top of Ben Lomond, August 1855, W. L. L. Spermogones are 
here also abundant, as largish sub-prominent cones or papille. 

Specimen 3.—Morchone (or Morven), Braemar, August 1856, W. L. L. The 
_ spermogones are very abundant, and occur in a great variety of forms. In one 
specimen, which is polyphyllous, much curled and convex, the ostioles are very 
patent, and surrounded by a prominent black edge. They give the thallus the 
appearance of being studded over with a series of black perforations. In another 


specimen, where the thallus is of an ashey-gray colour, the spermogones are pro- 


minent as minute black papillee, with an indistinct ostiole. In others, the spermo- 
gones are old, hypertrophied, and degenerate ; they have no ostiole, and appear as 
black, flat, large irregular disks or tubercles, scattered irregularly over the surface 
of the thallus, to which they give a curiously warted character. They are generally 


most abundant and best marked in specimens destitute of apothecia. Sometimes, 
again, the spermogones are black cones, seated on the flattened apex of a second 


and larger cone formed of the thallus; and these double cones are frequently very 
distinct when the thallus is of a pale colour. 


Specimen 4.—Hills above Loch Freuchie, Amutree, Perthshire, May 1856, | 


W.L.L. Apothecia abundant ; marginal cilia long and strong. The thallus is 
light-coloured ; the spermogonal papille black and distinct ; the ostiole distinct, 
stellate-fissured, but not very large. 

Specimen 5.—Ben Lawers, August 1855, Dr Gitcurist ; no adathacla. Thallus 


being pale-gray, the spermogones are easily seen; they are distinct large black — 
papillze, scattered chiefly about the margins of the thallus; many of them are 


irregular, flattened, large, and hypertrophied. The spermatia are about sath long, 
and very abundant. 


Specimen 6.—Lochnagar, Braemar, July 1855, A. Croat. The margins of the 


thallus are almost naked; and the plant approaches U. proboscidea. The sper- 
-mogones are large cones or tubercles, darker than the thallus, with a round, elun- 
gated or stellate-fissured ostiole. 


Specimen 7.—Top of Muckish Mountain, County Donegal, Ireland, Professor | 


Dickie. The thallus is chiefly monophyllous; its margin fringed with short, 


coarse, rudimentary fibres; the colour gray, the surface cracked, the consistence — 


leathery. There are noapothecia. Spermogones are abundant and distinct, from 


contrast with the pale colour of the thallus; they are small, black pape. The 


spermatia are long, and broad. 
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Specimen 8.—Disco Island, Dr Lyatt, 1854; in Herb. Hooker, Kew; has both 
apothecia and spermogones. 

Specimen 9.—LEIGHTON exs. 95 (sub U. varia var. proboscidea, a. LEIGHT.), 
Clova; with apothecia. The spermogones are black cones, pretty well seen on 


grayish thallus. 


Specimen 10.—ScHARER exs. 143 (sub U. pee a. cylindrica, A: fie 
Lichen crinitus, LightFooT); on the Grimsel, Switzerland. The spermogones are - 
submarginal, distinct, black cones or papillze. 


1l. U. vellea, L., Fr., 


Which occurs in Europe, Abyssinia, the Canary Islands, and America. The thallus 
is usually pale in colour; hence the spermogones are easily seen. It properly, I 
think, ought to include the following species, U. hirsuta. | 
Specimen 1.—Sierra de Estrella, Portugal, We_witzscu, “ Crypt. Lusit., ” Nos. 
108 and 120. The spermogones are abundant, as small, black points, which are 
the ostioles of wholly immersed spermogones. The spermatia are about ath long, 
and sth broad; the arthrosterigmata have the same character as in all the pre- 
ceding species. 
Specimen 2.—Luz, Pyrenees, Spruce’s “ Lich. Pyrenei.” The spermogones 
are largish black papillee, scattered about the margins of the thallus, surrounded 
by a pale thalline ring. This and the preceding pan are in Herb. Hooker, 


Kew. 


SPECIES 12. U. hirsuta, DC, 


Which is found equally in Europe, America, and Asia. If it is not, a forin of the 
preceding, it is very closely allied. (vide SCHARER exs. 137-40. MouceEor and 
NestLeR, 344 and 1144.) 

Specimen 1.—Hepp. exs. 117 (sub Gy TEE on granitic rocks, St Moritz; 
on upper and right-hand specimen in my copy ; with apothecia. Spermogones are 
abundant about the periphery of the thallus, which is copper-coloured ; they are 
large, distinct, elevated cones of the same colour as the thallus, except the ostiole, 


which is black, and round, or irregularly stellate-fissured. The body of the sper- 


mogone is easily enucleatec, leaving an irregular saucer-like cavity. 

Specimen 2.—ScH&RER exs. 157, sub U. depressa a. hirsuta, Scu.; on granitic 
rocks, Alps of Switzerland. Spermogones abound about the margins of the thallus 
as small, ‘obscure blackish cones, closely grouped. They occur also in ScH#nreER’s 
~ exs. 138 (sub C. culgaris), very indistinct; in 139 (sub D. abortiva), deformed and 


old; in 140 (sub F’. rupta), large, distinct, and grouped. 
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FAMILY XII. ParMe tz. 
GENUS I. Smicta, 


The spermogones in this genus are more or less immersed in the tissue of the 
thallus, their presence being indicated on the surface of the thallus generally by 
a minute, punctiform brown ostiole. This ostiole may be flattened, slightly ele- 
vated, or depressed. It is also frequently seated on the apex of thalline papille, 
varying in size, and which, when confluent, as occasionaily happens, may even 
assume the character of large irregular tubercles. Moreover, frequently in the 
‘same species, and even in the same specimen, the ostiole may be flat, depressed or 
papilleeform. Now, it is of importance to bear this in mind, inasmuch as NyLan- 
per describes the spermogones of Sticta as always and altogether immersed, 
and this he regards as a distinguishing character of Sticta, as contrasted with 
his genus /zcasolia, whose spermogones are mammillar tubercles. This I do not 
regard as a good, because by no means a constant, character. In regard to their 
spermogones, as to their thallus and apothecia, Sticta and ficasolia pass into 
each other, and are inseparably united and intermingled. The division is purely 
arbitrary, and hence unnatural. In both genera the spermatia and sterigmata are 
precisely the same. In few species of either genus do the spermogones always 
maintain the same unvarying character. Though normally or generally puncti- — 
form, they may be occasionally papilleform; and though usually papilleform, 
they may be sometimes punctiform. Hence, I will speak of a form of spermo- 
gone predominating in certain species. With this explanation or reservation, I . 
would say that the punctiform spermogone predominates in S. pulmonacea, syl- 
vatica, linearis, carpoloma, aurata, orgymea, faceolata, filicina ; the papilleeform in 
S. endochrysa, obvoluta, argyracea, damecornis, xanthosticta, cinereo-glauca, glabra, 
Freycinetii, and laciniata: while the spermogones may be either flat, depressed _ 
or papilleeform in S. flaricans, D’Urvillei, and flabellata. In S. obvoluta, and — 


__ damecornis, the papillee are sometimes large, with a conspicuous brown ostiole ; 


and they then resemble nascent or young apothecia. The spermogones of Sticta 


are sometimes easily seen on the beautiful yellow or glaucous thallus, from the 


contrast with the deep-brown colour of the largish ostiole. This ostiole, however, 
in the young and mature state, is generally more or less minute; and, added to its 
minute size, it is sometimes of so pale a colour that it is apt to be overlooked. 

Sometimes it is large and disk-like, flat or depressed, especially when crowning large 
papillee. With age, it expands, and when the nucleus or body of the spermogone _ 
falls out, as frequently happens, it may become saucer-shaped, with ragged, gene- 
_ Tally thickened and dark-coloured, margins. In this state, the ostioles of old 

spermogones sometimes have the aspect of black rings or disks, as occasionally — 
in S. aurata. However large or small the ostiole or external protuberance of the 
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spermogone, its body is almost in all cases a large white kernel of a dense horny — 
tissue, which becomes gelatinous and semipellucid in water. From its density, 
it can easily be enucleated with the point of a needle, and I have already stated, 
that it sometimes falls out of itself. The diameter of this body is sometimes th 
to ;th. The envelope, which consists generally of a brown cellular tissue, is about 
ath to sath thick. The depth of the spermogone is generally as great, at least, 
as that of the thallus: and it may form, as in Endocarpon, a slight prominence 
on the lower as well as on the upper surface of the thallus, where its depth 
exceeds that of the latter. The spermogones may either be scattered over the 
whole surface of the thallus, or only about its margins; or they may be confined — 
to the plicee or rugze, with which the thallus is sometimes conspicuously marked. 
They are usually scattered over the general surface in SS. damecornis, obvoluta, 


_carpoloma, and gilra; they are chiefly confined to the margins of the lobes in 


S. endochrysa, orgymea, glabra, and Freycinetii ; and they are scattered on the — 
ruge or plicee only, or principally, in S. pallida, and linearis. But this distri- 


bution is by no means invariable; for, in the same species, the spermogones 


may be distributed sometimes in the one way, sometimes in the other. The sper- 
matia, in all cases, are straight and linear or rod-shaped, with obtuse ends; _ 
their length varies from auth to their breadth, from rath to south. ‘The 
sterigmata are, in all cases, articulated and longish, bearing spermatia in great 
abundance on their sides and apices. They are composed of small, round 
or cubical cellules, at first having thin walls, which latterly become greatly 
thickened by deposits on their interior. They. vary in length from sth to ath, 
with a breadth of from to | 


Sprcigs 1. S. Ach., 


| Which has a very wide geographical range, occurring in Europe, Africa, America 


and Australia. S./linzta, Ach., which occurs in Europe and Asia, is included, and 


very properly, I think by NYLANDER, asa variety. The spermogonesare normally or . 
_ generally here punctiform and depressed; but not always, as NYLANDER and KorBeER 
_ describe them, for I have met with them occasionally, though rarely, papillzeform. 


The 4 of the is spherical ; the cavity simple ; the 


cells. The tissue is whitish or pale and, when dry, 


has a consistence as dense as horn; hence it is divisible by the knife into very 


thin sections. The body of the organ causes a slight protuberance or papilla on 
the under surface of the thallus. The horizontal diameter of the spermogone is 
about zth to ;th; the thickness of its envelope jth to «th. The sterigmata are 
very irregularly ramose and long, reaching almost to the centre of the sper- 


| mogonal cavity. The constituent, short, roundish, or cubical cellules have a 


very narrow cavity from thickening of their walls in process of growth. The 
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breadth of the sterigmata is about zsth to ath. The spermatia are so abundant 
as to roughen the sterigmata, as it were, with small bristles ; their length is usually 
about ;¢;th to ath. The spermogones of this species probably constitute WALL- 
RoTH’s variety stigmatea, and are also what he describes as a parasitic Spheria, 
S. epiblastematica. 

Specimen 1.—Glen Muick, Braemar, Professor Dickie; no apothecia. The © 
spermogones are old, and contain no free spermatia. They are scattered indis- 
criminately over the surface of the thallus, and are not confined to the rugze, as 
is usually the case. They are frequently maculiform and degenerate. © 

Specimen 2.—Guttanen Valley, Switzerland; in Herb. Hooker, Kew. The 
rug are dotted over with abundant, minute, brown, papilleform or punctiform 
spermogones. One specimen from Menzies (habitat apparently not given), also in 
Herb. Hooker, has the ruge studded over with punctiform, brown, immersed — 
spermogones. The thallus has entire, or nearly entire, large rounded lobes; its 
surface is marked by elevated ruge and deep sulci; and its colour is deep-olive. 
It appears to me to be the S. /inita, Ach. ae 

Specimen 3.—Bootan, India, NurtaLL. The spermogones are y tow; largish, and 
very distinct, scattered on the ruge. Also from Madras, Dr Wicut; East Indies, 
Mr SHEPHERD; all in Herb. Hooker, Kew. The ruge are sharp and well defined, 
and the spermogones scattered over them are largish, distinct, and brown. ) 

Specimen 4.—North-west America. Spermogones are sometimes here macu- 
liform, that is they are largish, brown spots, rather than mere points. Fort 
Vancouver, Columbia, ScouLer ; both in Herb. Hooker, Kew. largish 
_ and distinct, brown, round, impressed. 


Species 2. S. sylvatica, Ach., 
Which occurs in Europe, Africa, and Northern America. I have great doubts as to 

whether this is really separable, on any good grounds, from S. fuliginosa. Though 
this species is rarely found with apothecia, spermogones ‘sometimes occur of the 
same character as those of the preceding species. They are usually, however, so 
minute that they are very apt to be overlooked. The body of the spermogone 
is of a yellowish colour, which contrasts readily with the white medullary tissue 
of the thallus, so that one of the best modes of examining or seeing the spermo- 
gones is to make a section through the brown punctiform a and through ~ 
i. the thallus. The spermatia are about sooth long. 


SPECIES 3. S&S. cinereo- -glauca, Tayl., 


_A New Zealand species; in Herb. Hooker, Kew. The spermogones are eeali. 

inconspicuous, brown papille, scattered here and there over the lobes of the 

thallus. They resemble young apothecia, with which they are apt to be con- 
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founded. But the lacerate-stellate border, gradually enlarging so as to show the 
disk, and their greater size will distinguish the latter. 


SreciEs S. filicina, Ach., 


A native of equatorial America, New Zealand, and Java. Its var. Menziesti, Hook. 
fils, occurs in New Zealand, the Antarctic Regions, and Nepal (syn. Sticta Men- 
ztesii, Tayl., in Dr Hooker’s “ Flora of New Zealand’). In specimens, in Herb. 
Hooker, Kew, the spermogones are with difficulty discernable. The ostiole is 
generally depressed in the centre of crater, or cup-shaped cavities of the thallus, 
or of papilleeform elevations thereof. Sometimes the ostiole is black and puncti- 
form, more frequently it is so pale that it is very apt to be overlooked. — 


SPECIES 5. 8. damecornis, 


ae Which occurs in Ireland, America, the African Islands, and Australia. This 


‘species is most variable, and it includes a number of well-marked or r important ' 
varieties, of which may be mentioned :— _ 
Var. linearis, Nyl., Polynesia. | 
,, macrophylla, Hook., Ireland ; African Islands ; ins, 
» rufa, Ach., Mexico. 
 dichotoma, Del., African idandé: J ava. 
5,  sinuosa, Pers., Equatorial America; Philippine Islands. 
»  quercizans, Ach., America and Central Asia. 
,, Canariensis, Nyl., Madeira. 
Specimen 1.—Feejee Islands; high grounds; on trees, Mun 
H. M. S. Herald, 1855; in Herb. Hooker, Kew. Both apothecia and spermogones 
are marginal. The latter are usually brown warts, not very prominent, flattened, — 
often grouped two or three near each other, varying in size. Sometimes, there is — 
merely ‘a brown spot, marked ey by a depressed ostiole of irregular shape 
size. 
2.—Var. linearis, Nyl., Tasmania; Antarctic Expedition, 1839-43, 
Dr This plant is extremely like S. yulmonacea, except that its lacinie 
are much more narrow and delicate. The apothecia are marginal, and, as well as 
the spermogones, are quite those of the species just named. The thallus is fur- 
nished below with short brown fibres in rigid tufts, as is frequently the case also 
in S. pulmonacea. The spermogones are abundant, minute, brown depressed 
points, distinctly visible under the lens, scattered along the margins of the 
lacinize, as well as on the rugz of the thallus. The body of the “— is large, 
white, hard, and easily enucleated. 
Specimen 3.—Var. macrophylla. This a ‘aks name for a very variable form. 
Though in many cases the lobes are broad and round, and the plant bears the 
same relation to S. damwcornis that S. linita does to S. pulmonacea ; yet in many 


| 

| 

i” 

it 

| 

| 4 

i : 

| 

i 

4 

4 

& 

| 

; | 

; | 

| 

ia 

i . 

| 

| 


OF FILAMENTOUS, FRUTICULOSE, AND FOLIACEQUS LICHENS. _—‘195 


other cases, and frequently in Irish specimens, the lacinize are much more narrow 
than those of S. pulmonacea, and it ought to be referred to the var. linearis. The 
spermogones resemble those of S. pulmonacea, says TuLasNe. So far as regards 
their external characters, this statement does not at all agree with my own ob- 
servations. For, while those of S. pulmonacea, are generally minute and puncti- 
form. those of S. damecornis are generally largish and papilleform. The sper- 
matia and sterigmata are certainly the same in both; for they are the same, or 
at least similar, throughout the whole genus Sticta. The ostiole is frequently large _ 
and round ; in the old state of the spermogone it may become an irregular, large 
stellate fissure, and the thallus may appear studded over with the pseudo-perfor- 
ations thus produced, precisely as in Parmelia saxatilis var. omphalodes. — - 
Rocks, Turk Waterfall, Killarney, Wmson; in Herb. Hooker, Kew. (Sub 
nom. S. macrocarpa? var. syn. S. macrophylla, Tayl., in Mackay’s ‘ Flora 
Hibernica,’ p. 150.) This is certainly not a distinct species; and the specific : 
name of the plant, S. damecornis, to which it belongs as a variety, ought to be 
restored to our Irish plant. The spermogones are papilleform. In some speci- 
‘mens the lobes are broad and rounded; but in others the segments of the thallus — 
are much narrower, and resemble in their size and form those of S. pulmonacea. 
Specimen 4.—Var. macrophylla ; woods of Killarney; Taytor, in Herb. 
Hooker, Kew. Tavytor remarks on the label, “ I have seen specimens with seg- 


ments still narrower.” The colour of the thallus is deep-olive or brown. The - 
_ papillaeform spermogones are with difficulty distinguishable ; sometimes they are 


flattened, and have very pale-brown tips. In age they become Jame with stellate- 
fissured ostioles. 

Specimen 5.—Var. macrophylla, Killarney Woods; Ta YLOR, in Herb. Dr 
Mackay, Dublin (author of the “Flora Hibernica”); with apothecia. In de- 
scribing the apothecia in the “ Flora Hibernica,” Taylor, apparently inadvertently, 
includes the spermogones, which he mistakes for young apothecia. The spermo- 
gones are large, brown-tipped papille, resembling in form and size those of /tica- 
solia herbacea and R. glomulifera. Its spermogones should associate this plant 
with NyLANDER’s genus Ricasolia ; but, in regard to cyphell, it is a true Sticta. 
The spermogones are usually smooth and cone-like, with a round deep-brown | 
ostiole ; but frequently also they are flattened, and their apex corrugated round 
a stellate-fissured ostiole. Their body is a kernel of dense white tissue, and 
which can be readily enucleated. The tissue becomes gelatinous under moisture. 
The spermogones are abundant, and are scattered over the whole surface of the 
thallus. The spermatia are about gath long, with a breadth of sooth. The 
3 sterigmata are long and delicate, from ath to ath long, with a breadth of about . 
sath, their articulations or component cells being distinct. 

Specimen 6.—Var. macrophylla, Java, Lops; in Herb. Hooker, Kew. This 
seems exactly the Irish plant. The spermogones are scattered chiefly about the — 
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margins of the lobes or lacinize; they are punctiform and flat or depressed, or 


_ papilleeform—rarely the latter. When papillzeform, they resemble the spermogones 


of Ricasolia herbacea, but are smaller. Sometimes they occur in the old state as 
mere dark maculz. 

Specimen 7.—Var. dichotoma, LA Povutr, Mauritius ; GARDNER, in Herb. 
Hooker, Kew. The spermogones are either scattered generally over the surface — 
of the thallus, or only on the margins of its laciniz. They are depressed, very 
pale points, and are very apt to be overlooked. 

Specimen 8.—Var. sinuosa, Philippine Islands, Cummne; in Herb. Hooker, Kew. 


The spermogones occur chiefly about the margins of the lacinie ; they are more — 


frequently punctiform than papilleform, brown, and in all cases inconspicuous. — 
The ostioles of the punctiform spermogones are generally depressed in crater or 
cup-like cavities of the thallus. 

Specimen 9.—Var. quercizans, Jamaica, PurpiE; in Herb. Hooker, Kew. The 


thallus is brownish; hence the spermogones, which are also brownish, are not 
easily seen. They are very small papilla, crowned with brown ostioles of a 


deeper tint than the papille themselves. 

Specimen 10. —Var. Canariensis, Madeira, Lowe ; on the trunks of Persea 
Canariensis, Canary Islands; Herb. Williamson, Dr Leman, both in Herb. 
Hooker, Kew. The spermogones are scattered chiefly about the ends of the lobes 
or lacinize. They resemble those of Ricasolia herbacea, being papillzeform ; the | 
apices of the papillee are sometimes flattened, seldom depressed. 

Specimen 11.—Var. rufa, Ecuador, SrEEMANN; in Herb. Hooker, Kew. The 


_ spermogones are here scattered chiefly about the periphery of the thallus; they 


are papillaform, and resemble those of Ricasolia herbacea, seu are small, and not 


SO 


SPECIES 6. 8S. argyracea, Del., 


Which occurs in America, Java, Cochin-China, Polynesia, and Australia. 
Specimen 1.— Pacific Islands, S1ncLarr; Philippine Islands, Cumine ; Martinique, 

Juan Fernandez, 1830; Madras, Dr Wieur ; all in Herb. Hooker, Kew. The sper- 

mogones are few, scattered, papilleeform, resembling those of Ricasolia herbacea, 


but are and less prominent. 


Species 7. nitida Tayl., 


(Syn. S. flabellata Mont.) 
Specimen 1.—Chili, Lops; in Herb. Hooker, Kew. This is a ‘iieailtiaaiad 
species, somewhat resembling S$. damecornis. The spermogones are papilleeform — 


or punctiform, scattered chiefly about the ends of the lobes. The papilleform 


spermogones are frequently flattened on the apex ; the punctiform ones are black — 
or brown, sometimes depressed, or surrounded by a thalline ring. In age they 
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may become maculiform. The spermogones may be papilleform about the ends © 
of the lobes, and punctiform, flat, or depressed more centrally. Sometimes they 
are so abundant as to give the thallus a black or brown-punctate character. 


Species 8. S. Freycinetii, Del., 


Which occurs in equatorial America, Australia, and the Antarctic Regions. 
Specimen 1.—Auckland Islands, Dr Hooker, in Herb. Hooker, Kew. The 
spermogones resemble those of S. orygmea; they are mostly punctiform and 
depressed, though sometimes papilleeform. Hooker apparently describes them 
as abortive apothecia in his “ Flora Antarctica,” (Part 25, p. 528, Plate 196. 
fig. 4.) | 
Specimen 2.— Var. fulvocinerea, Mont. (Syn. Sticta 
Straits of Magellan, Captain CoLtinson. The spermogones are scattered imme- 
diately on or near the margins of the thallus; they are generally papilleform | 
and crowded, with a deep-brown or black ostiole or apex. Sometimes they are 
punctiform and flat, seldom depressed. The thallus is of a beautiful lemon- 
yellow colour ; hence the spermogones are easily seen. | 
_ Specimen 3.—Var. Gaudichaudii, Dev. (Syn. Sticta Gaudichaudii Det.) 
Australia, BrowitL; in Herb. Hooker, Kew, as is also No. 2. The spermogones 


occur on the margins of the — and are papilleeform and small, with a pale- 
brown apex. 


Specimen 1 Mexico, Harris; in Herb. Kew. ‘Thisisa 
handsome species. The spermogones are subpapilleform, sometimes flattened, 
J about the ends of the lobes. | 


Species 10. S. Javeolata, Del., 


A native of eireatcietal America and Australia. 

Specimen 1.—Chili, Lops; in Herb. Hooker, Kew. ‘The spermogones are 
minute, depressed brown points, scattered on the rugze, precisely as in S. pulmo- 
3 Specimen 2.—Var. Richardi, Mont. (sub Sticta); which occurs in Chili, Aus- 
tralia, the Auckland Islands, and New Zealand. A speeimen from New Zealand, _ 
1853, in Herb. Hooker, Kew, greatly resembles S. pu/monacea in its linear laciniwe, 
and its punctiform spermogones distributed on the thalline rug. 


SPECIES U1. S. obvoluta, Ach. 


“ Siiaitdibt 1.—On the trunks and branches of trees in hill woods, Juan Fernan- 
dez, 1830; in Herb. Hooker, Kew; a very beautiful species, with marginal large _ 


handsome apothecia. The spermogones are the largest I have found in either the 
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genus Sticta or Ricasolia. They are large papillee, or cones of the thallus, paler 
than the surrounding surface ; sometimes confluent, and then becoming irregular 
tubercles. The cones are usually crowned by a brown apex, varying greatly in size, 
but resembling the disk of an apothecium. The ostiole is sometimes visible in the 
centre of this brown apical spot. The spermogones are scattered over the whole | 
surface of the thallus, and bear a close resemblance to nascent apothecia. Inter- 
spersed among the snermogones are numerous small, round, soredic warts. The 
spermatia are about jth long, rod-shaped, with a breadth of 550th ; on the usual 
arthrosterigmata of Sticta. In connection with NYLANDER’s division into Sticta 
and /zcasolia, according as the spermogones are punctiform or papilleeform, it is 
note-worthy here, that the papilleeform or mammillar spermogones are larger than 
in any species of /icasolia I have yet met with! 


| 12. ‘Ss. Pers. 


(Syn. lutescens, TAYE .); a species allied to S. filicina, which | is found in inn | 
rica, the Canary Islands, and Java. 
Specimen 1.—Jamaica, PurpIE; in Herb. Hooker, Kew. The spermogones 
are very minute, brown papillee, ——, discernible even under the lens. 


Species 13. S. Del. 


(Syn. S. impressa, TAYL. ); a species which inhabits equatorial America, Poly- 
-nesia, and Java. ‘This isa very large and handsome species, having a pale- 
coloured thallus; hence the ee are usually more or less distinct 
and easily seen. 

_ Specimen 1.—New Zealand, Antarctic Expedition, 1839-43, Dr Hooker, Kew. 
The surface of the thallus is smoothish; its under surface fibrillose and pale- 
coloured; the apothecia marginal. The margins of the thalline lobes or Jacinie 
are studded over with irregular cushion-like warts, which are soredic, and have 
no connection either with apothecia or spermogones. The spermogones are either 
papilleeform or punctiform ; when the former, they are chiefly scattered about 
the margins of the lobes; when the latter, they are either distributed over the 
whole surface of the thallus, or confined to the rugee, with which it is marked, as 
— in S. pulmonacea. When seated on the rug, they are frequently disposed in a 
linear series; they are then usually brown and depressed, resembling the pricks 
of a needle-point. The thallus is sometimes somewhat raised round the ostiole, 
to which it gives the appearance of being girt by a ring or border. TayLor’s 
name, ¢mpressa, was probably given in allusion to the punctiform, depressed — 
spermogones so abundantly scattered over the ruge. The spermatia are rod- 
shaped, and about sth long. The sterigmata consist of short, thick-walled, — 
cubical cellules, precisely as in S. pulmonacea. | i 

Specimen 2.—Another specimen from New Zealand (sub. nom. S. émpressa; 
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TayL.), in the Herbarium, Royal Botanic Garden, Edinburgh, is of enormous 
size,—at least 1 foot in diameter. The spermogones are punctiform and immersed 
wholly ; they are either seated on the rug, or scattered over the general ousacaus 
of the lacinise towards their ends. 

Specimen 3.—Brazil, in Herb. Hooker, Kew (also sub nom. S. impressa, TAYL.). 
The spermogones are very distinct, punctiform, and depressed, dotting over the 
here very prominent rugee. Another specimen in Herb. Hooker (habitat not 
given), has spermogones irregularly scattered over the whole surface of the thallus, 


sometimes papillzeform, sometimes punctiform ; in the latter case — flat, 


Species 14. 8S. orygmeaa, Ach., 


Which occurs in equatorial America, Australia, and the Antarctic Regions. 
Specimen 1.—Lord Auckland Islands, Antarctic Expedition 1839-43, Dr 

Hooker. The spermogones are either papilleform or punctiform; more fre- 

quently the latter. In the punctiform state, they resemble those of S. pulmonacea, 


but are larger and more distinct. They are scattered chiefly on the ruge of the | 


thallus, and are very abundant. The spermatia are rod-shaped and about auth — 
‘long; the arthrosterigmata have the usual characters of the genus Sticta. The 
body of the spermogone is a whitish, dense, hard kernel, end enucleated, as is 
generally the case in the spermogones of Sticta. 

Specimen 2.—Chiloe, Cumine; in Herb. Hooker, Kew. The spermogones | are | 
abundant about the edges of the lobes ; they are minute black points, generally 


slightly depressed. Sometimes they are a rips or the ostioles have a slight 
Ting of thallus surrounding them. 


SPECIES 15. S. fils., oad Tayl. 


J we great doubt as to this being properly a separate species; but I am not 
prepared to say to what species it is best referrible. 
_ Specimen 1.—Falkland Islands, Antarctic Expedition, 1839-43, Dr Hooxen. 
_ This is a large and handsome species, with abundant and very distinct spermo- 
gones. These organs are usually punctiform and depressed, minute, black or 
_ brown round spots. Sometimes they are surrounded by a sub-prominent thalline 
margin ; sometimes they are seated on distinct, thalline papille, and the spermo- 
gones have then the aspect of those of Ricasolia herbacea. From the beautiful 
yellow colour of the thallus, the spermogones of this species are among the most 
distinct of those in the genus Sticta. The ostiole is generally not perceptible; 
_ Sometimes it is distinct in the centre of each of the brown or black round spots 
_ above referred to, as a round or stellate-fissured perforation. 
Specimen 2.—Hermite Island, Cape Horn, Antarctic Expedition, 1839-43, Dr _ 
Hooker; no apothecia. The spermogones are usually sub-papilleeform, scattered 
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sometimes over the whole surface of the thallus, sometimes over the margins of 

the lobes only. They are flattened and not prominent, the ostiole is almost 
_ always depressed. The body of the spermogone is a hard white kernel, easily 
enucleated. The spermatia are about sath long; the sterigmata are those of S. 


Species 16. S. D’Urvillei, Del., 


Which occurs in equatorial America, and in New Zealand. 
Specimen 1.—Chili, Loss; in Herb. Hooker, Kew. This plant seems identical. 
with S. flavicans, Hook. ; and its spermogones are precisely similar. 


SpEcIEsS 17. S. endochrysa, Del. 


Specimen 1.—Andes, Lops; in Herb. Hooker, Kew. The spermogones are 
scattered near the periphery of the thallus; they are largish, brown, round spots, 
flat, or on the apex of slightly elevated thalline papillee. 


SPECIES 18. S. gilva, Ach. 


“Specimen 1,—Juan Fernandez; ; in Herb. Hooker, Kew. The sperthogones are 
flat, punctiform, brown, scattered over the surface of the lobes of the thallus. | 

Specimen 2.—Rocks, sea-side, Uitenhage, Cape of Good Hope (sub nom. S. 
crocata, Ach., var. 8. gilva, Ach.) The spermogones are scattered about the ends — 
of the lobes; they are black or brown minute points, generally flat, sometimes 
papilleeform. 


SPECIES 19. S. aurata, Ach., 


Which i has a wide geographical distribution, being found i in India, Ameen Africa 
Asia, Polynesia, and Australia. 

Specimen 1.—Coll. Salwey ; in Herb. Hooker, Kew. Supposed to be an English | 
- specimen ; but no habitat is given! The thallus bears no apothecia; but old and — 
degenerate spermogones occur as minute, irregular, brown dots scattered abun- 
dantly about the periphery of the lobes. 

Specimen 2.—On trees, Minas-Geriies, Brazil, 1840; on trees, at an elevation 
of 7500 feet on the Cordillera, Oaxaca, Mexico; coll. H. Gateortt, 1840; both in 
Herb. Hooker, Kew. The spermogones are old and degenerate chiefly; they 
occur as largish black disks or rings ; ; flat, seldom —— or —— | 


sometimes maculiform. 


Specimen 3.—N orfolk Island, Fr. THOMPSON; ; in Herb. Hooker, Kew. The 
thallus is very handsome; about 1 foot in diameter, of a beautiful lake-colour. 
The spermogones are’ abundant, large, papilleeform, frequently with a deeper 
coloured ring or macula surrounding them. In another specimen, also in Herb. 
Hooker, from New Holland, both apothecia and spermogones are abundant. — 
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Species 20. S. glabra, Tayl. 


4 do not regard this ¢ as a good species, but I am not prepared to allocate it. 

Specimen 1.—Falkland Islands, Antarctic Expedition, 1839-43, Dr Hooker. 
in the character of its. thallus, as well as of its spermogones, it closely resembles 
Ricasolia herbacea. The latter organs are abundant about the margins of the 
lobes, as large distinct papille, marked on the apex by a round, brown spot 
which surrounds the ostiole. Sometimes they are grouped in twos or threes. 
though they are usually scattered singly; but they are seldom or never confluent. 
The spermatia are rod-shaped, and from gath to gath long; the sterigmata + are: 
— of short, cubical, thick-walled cellules. 


SPECIES 21. S&S. pallida, Hook. fils. 


Sescteeen 1.—On the branches of decayed and live trees ; forests, Kaipara, New 
Zealand, coll. by S. MossMAN, 1850, No. 788; in Herb. Royal Botanical Garden, 
Edinburgh. This species appears to belong to the S. pulmonacea group of Stictas ; 
its lacinie are narrow and sub-linear; the lacunze deep; the ruge correspond- 


ingly prominent; the spermogones studded over these Tugie, immersed anid 
| punctiform. 


GENUS II. Ricasoura, DN., Nyl 


The eonanition of this genus from Stzcta, I have outs pointed out, appears 
to me to be an exceedingly arbitrary and mischievous one. So far as the sper- 
- mogones are concerned, most assuredly no distinction can be drawn between the 
_ two genera, for I have shown, under Sticta, that several species of that genus have 
papillaeeform spermogones as large as, nay even sometimes larger than, thoseot 
any of the Ricasolias, while others have papilleform spermogones of the same 
character as those of /zcasolia, though somewhat smaller. I have also shown 
that it is very common for the same species of Sticta to have indiscriminately. 
papilleeform or punctiform spermogones, which latter may further possess flat or _ 
depressed ostioles. Precisely the same thing occurs in Ricasolia. In R. corrosia 
and 2. Kunthii, | have found the spermogones either papilleeform or punctiform. 
the latter with depressed or flat ostioles. In 2. dissecta, the spermogones are 
usually punctiform and depressed, exactly as in the S. pulmonucea group of Stictas. 
Sometimes, in 2. dissecta, as is frequently the case in the Stictas, the ostiole is sur- 
rounded by a sort of thalline ring. Here also the spermogones are rarely papille- 
form. In £. crenulata, again, they are uz ually papilleeform, but small ; punctiform 
_ ones, however, also occasionally occur. Sometimes a ring of thallus round a de- 
pressed or flat punctiform ostiole gives the semblance of a papillae, when this does 


hot really exist. -The spermmogones of Ricasolia may be described in general terms as _ 
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and papillaeform, resembling nascent apothecia. They are generally so large as 


precisely those of Sticta, with the single exception, that they are more generally large 


to be visible to the naked eye, as in /2. herbacea.” Their diameter in this species is 


about to sth; in glomulifera, sth to They are frequently confluent, 


in which case they become still larger irregular tubercles, with a somewhat de- 
pressed apex. Occasionally the spermogones are flat, lurid, or deep-brown macule, 
as in certain forms or varieties of 2. glomulifera. The ostiole is usually small and — 
round; with age, it becomes frequently stellate-fissured, or it expands into a 
saucer-shaped cavity, with dark, turgid, irregular edges, when the nucleus or 


_ body of the old spermogone falls out. The thailus is sometimes studded over with 


black, very irregular perforations, where there existed old spermogones, whose 
nuclei have fallen out. The patent irregular ostiole frequently gives the spermo- 
gonal papilla the aspect of a young apothecium,.as in #. herbacea and R. glomuli- 
fera. Jn regard to site, the spermogones may be either scattered over the general 
surface of the thallus, or chiefly on or about the margins of the lobes. ‘They are — 
peripheral in 22. dissecta, crenulata, Kunthii, and coriacea. Sometimes they 
occur on Jarge, deformed, wart-like growths of, and from, the thallus, resem- 
bling those of Parmelia saxatilis, on which Lecidea Smithit grows. Occasion- 
ally they are met with, seated directly on the margins of the lobes, to which 


_ they give a coarsely denticulate character, as in the analogous form of Parmelia~ 
perforata. Here they are rather barrel-shaped than mammillar or papillzform. 


The internal tissue, spermatia and sterigmata, are quite those of Sticta. The 
typical species of the genus, 2. herbacea and R. glomulifera, were formerly in- 
cluded among the Parmelias by Scuarer and other authors, but I long ago 
out that they really belong to Sticta.” 


Species 1. herbacea, DN., 


Which occurs in Europe and America. The spermogones are usually abun- 
dant and very distinct ; hence this is one of the best species in which to study 


the spermogones of Ricasolia. Parmelia perlata is not unfrequently confounded _ 


with it; but the character of the spermogones suffices at once to distinguish 
these two lichens,—those of the Parmelia being punctiform, very minute, 
black, and immersed. ‘The large papillar or mammillar spermogones of /2. her- 
bacea have the same tint as the thallus, of which they appear to be elevations, 


‘ with the exception of the ostiole, which is in the centre of a brown areola or spot 


seated on the apex of the cone. The spermogones are flattened or depressed at 
the apex; they closely resemble young apothecia; and the only safe way of dis- 
tinguishing them is by microscopic examination. The internal tissue is white, 


dense, horny, semi-transparent when moistened, of a grayish or pale rose tint. 


* Popular History of British Lichens. London, 1856, pp. 189 and 191. 
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Specimen 1.—On old trees, Inverary ; in Herb. Botanical Society, Edinburgh ; 
coll. by MAUGHAN; apothecia abundant. The spermogones are plentiful, scattered 
about the periphery of the thallus as regularly formed, very prominent cones or 
papillee, readily visible to the naked eye. The ostiole is brown, circular, apical, 
distinct. The sterigmata are ramose, thick, irregular in outline, formed of short, 
~ cubical, or irregularly shaped articulations or cellules, which have very thick walls. 
With age, they acquire a greenish tint. From among these project a number of 
long, sterile, ramose, articulated filaments, of the character of those of Aamalina ; 
but neither so delicate nor so ramose. The spermatia are longer than is usual 
in Sticta, being about sath to goth long; they are found in abundance only i in the 
youngest spermogones. 

Specimen 2.—On young oak, Cawdor Wood, ‘Nein ; coll. A. Croat; ; in Herb. 

- Hooker, Kew. Spermogones are plentiful, but there are no apothecia. Appin; 
coll. CARMICHAEL; in very large patches, with both on and apennegen 
also in Herb. Hooker. 

Specimen 3.—Kerry, Ireland; in woods; TayLor in Herb. Mackay, Dublin. The — 
spermogones are abundant ; the older ones become flattened, baste have a meliate- 
fissured, large, brown ostiole. spermatia are goth to sath jong, and th 
broad; the sterigmata are about sath broad. | 

Specimen 4.—Killarney ; in Herb. Royal Botanical wegen. Edinburgh with : 
 apothecia. Spermogones large and abundant. 

Specimen 5.—Lachen, Sikkim, Himalaya, alpine region, at 11,000 feet, Dr 
Hooker; in Herb. Hooker, Kew; withapothecia. Some of the spermogones are 


seated directly on the margin of the thallus, forming a kind of teeth, asin the — 


denticulate form of Parmelia perforata. Their form is more that of a barrel than 
of a cone. 
Specimen 6.—South Africa, DREGE (sub nom. ' Sticta quercizans, Ach.) ; Dax, 
_ Pyrenees, Spruce’s “ Lich. Pyreneei;” in Herb. Hooker, Kew. In both the sper- 
mogones are plentiful. 

_ Specimen 7.—LEIGuHT. exs. 75 (sub Sticta, Delise, “ Eng. “Bot. ” 294) ; Ayrshire. 

The spermogones are subperipheral, large, and frequently confluent. 

Specimen. 8.—ScH2RER exs. 560 (sub Parmelia latevirens a. simplex). On 
trunks of trees about Vire, PELVET. ‘Spermogones are plentiful. The spermatia | 
are about jth long; the sterigmata ;th to ath long, © 


Species 2. glomulifera, DN, 


Which occurs in Europe, America, and Asia. 
(Syn. Sticta amplissima, Kore, 68; Parmelia, Ach. ) The spermogones are 
exactly those of the preceding species, but they are scarcely so prominent. 
Specimen 1.—On old beech trees, Inverary Woods ; in Herb. Botanical Society, 
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‘Edinburgh ; with apothecia and glomeruli. The spermogones are plentiful, but 


old, containing no free spermatia. They are scattered about the margins of the 


lobes of the thallus, and closely resemble nascent apothecia, of which the brown, 


round, saucer-like ostioles somewhat resemble the disks. 
Specimen 2.—Minto Craigs, Roxburghshire ; Glen Lyon, Breadalbane, coll. " 


: Rev. Huan M‘Mitxay ; both in Herb. Royal Botanical Garden, Edinburgh. Both 


specimens are spermogoniferous; neither have apothecia; and the Glen Lyon. 
specimens have enormous glomeruli. In them the spermogones occur abundantly 
as lurid or brownish-red round macules, resembling the — of Arthonia 
lurida. 

Specimen 3. —ScHERER exs. 559 (sub Parmelia Scop.). Trunks of 


trees about Vire, PeLver. The specimen has only two or three old spermogones, 


containing no free spermatia. 
Specimen 4.—Col de Lourvie, Pyrenees ; “ without enum always in this 
locality,” remarks the Rev. CaurcHiLL Bapineron on the label in Spruce’s “ Lich. 


Pyren:ei,” in Herb. Hooker, Kew. Besides the ordinary form of spermogones. 
- some are distributed on irregular, large, wart-like growths of and from the 
thallus, resembling those of Parmelia saxatilis,on which Lecidea Smithii and 


L. oxyspora grow. ‘These growths are subfoliaceous, of a deeper brown than the 
thallus, and manifestly distinct therefrom, or at least not a normal or usual 


part thereof. Over these wart-like growths are dotted the ostioles of immersed 
-spermogones, which are brown, round, and rather larger than in the usual form 
of the spermogones. Under moisture, they swell so as to become small sub- 


gelatinous cones. The spermatia are about gath long, and sth broad. 


Sprcigs 8. R. coriacea, Tayl. 


Specimen 1.—New Zealand; in Herb. Hooker, Kew. The spermogones 


_ resemble those of 22. herbacea ; but they are smaller and more abundant. They — 
are crowded about the margins of the lobes, are papillzeform, sometimes eee 
| and tuberculiform, with a brown apex. 


Speciss 4. &. discolor, Ach., 


Which inhabits the Isle of Bourbon, Madagascar, and Java. 
Specimen 1.—Muckross, Ireland; on trees, 1828; in Herb. Hooker, Kew; 


-named by NyLanper himself. This appears to me simply our British 2. herbacea, — 


with a more delicate thallus than usual, but having apothecia and spermogones — 
quite of the usual type. The spermatia are about amth long, and sath broad. 


SPECIES 5. crenulata, Hook. 


Specimen 1.—On twigs, Juan Fernandez ; in Herb. Hooker, Kew. In regard — 
both to its apothecia and spermogones, this species stands near 2. herbacea and 
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- R. glomulifera. The spermogones are smaller than in these species ; they are 
small papille, marked on the apex by a depressed, black, punctiform ostiole. 
They are scattered about the margins of the lobes. The spermatia are about 
long and sooth broad; the sterigmata are to mth long, and broad. 


SpEciEs 6. R. dissecta, Ach. 


Beccles 1.—Casapi, Peru, Matruews; in Herb. Hooker, Kew; in large 
handsome patches. The spermogones are scattered sparingly about the periphery 
of the lobes, usually as depressed, round, black points. Though generally flat 
or depressed, they sometimes become papilleeform. Occasionally they are sur- 
rounded by a sort of ring of the thallus, well marked. When old, they appear 

frequently as largish black rings or disks, with a stellate-radiate fissure. The 
- thallus is sometimes studded over with very irregular black perforations, where 
old spermogones existed, and the bodies or nuclei have fallen out. 


SPECIES 7. &.corrosa, Ach., 


A native of equatorial America. : 

Specimen 1.—(Sub nom. Sticta dissecta, Ach from Mr in Herb. 
- Hooker, Kew: No habitat is given ; but it would appear to be from Scotland, as 
all Mr Dickson’s other collectanea are Scotch! The spermogones are sometimes 
punctiform, sometimes papilleeform : in the former case they are usually de- 
pressed, in the latter they possess a distinct, brown, round ostiole. The body of 
the organ is a a hangs, white, hard kernel, as in all Stictas and Ricasolias. : 


SPECIES 8. R. Kunthii Del. 


Specimen 1.—Organ Mountains, Brazil ; probably coll. by GARDNER; in Herb. 
Hooker, Kew. The spermogones are very abundantly scattered about the 
periphery of the thallus. They are usually round brown spots or points, flat, or 
sometimes depressed; occasionally surrounded by a paler ring of the thallus, 
which gives them a peeudo-papillate appearance. Bed are seldom distinctly 
_papillzeform. | 

} Specimen 2.—Chinos, Cordillera (Oaxaca), Mexico, at 7000 to 9000 feet of eleva- 
tion ; coll. by H. Gatzorr1, 1840, No. 6895 (sub nom. Sticta fuliginosa) ; in Herb. 
Hooker, Kew. This specimen is closely allied to, if it is not a mere form or 
variety of, 2. herbacea. Its apothecia and spunea spores and spermatia, are 
the same as in that species. | 


GENUS 1. PARMELIA, Ach., Nyl. 


In this large and comprehensive genus the spermogones are chiefly black, 
punctiform, wholly immersed in the thallus, and scattered about the periphery of 
the thallus and on the convexities of the laciniz, where the thallus is divided into 
VOL, XXII. PART I. : 3G 
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narrow, linear, or sub-linear segments. These black points are the ostioles, which 
are usually round and very minute, but which are sometimes elongated, even 
lirelleeform, as in some forms of P. stnwosa. Sometimes the punctiform ostiole is 
perched on a pale thalline papilla or wart, as in some forms of P. tiliacea. As in 
most lichens, the ostiole, in the old state, is generally large and gaping, and it 
then frequently has a prominent ring-like border. The thallus is sometimes 
studded over with black, large, irregular perforations—frequently lacerate or 
stellate-fissured—as in P. stygia, P. tristis, and P. saxatilis, var. omphalodes. The 


black punctiform spermogones frequently resemble parasitic Spherie, for which 


they were generally or often mistaken by earlier lichenologists. Seldom are they 


— distinctly papilleeform, tuberculiform, or barrel-shaped, as in P. perforata var, 


denticulata. In the latter lichen, which is altogether an exceptional and anoma- 
lous one, the spermogones are very large barrels, studded on, and forming part 
of, the margins of the lobes, precisely as in the genus Platysma. What is still 
more curious, they either occur alone, or they are associated on the same speci- — 
men with the ordinary black, punctate spermogones of P. perforata. Generally, 
the punctiform ostioles are extremely minute, as in P. sazatilis; they are of 
the same character, but rather larger and more distinct in P. perlata, P. physodes, — - 
P. tiliacea, P. perforata, and P. conspersa. From the fact that the ostiole, or 
that part of the apex of the spermogone which generally projects or is most 
visible on the surface of the thallus, is black usually, while the colour of the 
thallus itself. is glaucous or gray, the spermogones of Parmelia are generally 
readily recognised. They are usually scattered, in considerable numbers, out- 


side the region of the apothecia,‘on the surface of the thallus. In exceptional 


cases, they are confined to the margins ‘of the lacinize or lobes, to which 


they give a more or less denticulate character. On the flattened linear lacini« 
of P. tristis they are small, and not very prominent; but in var. denticulata of 


P. perforata they are very large and conspicuous. Sometimes they are distri- 
buted on the flat surface of digitate expansions from the margins of the thallus, 


as in a form of P. perforata from the Organ Mountains, Brazil. Occasionally | 


they are dotted over the exciple of the apothecia, and even on the saucer-like 


cavities left by the falling out of the disk in degenerate apothecia, as in P. con- 


spersa. In number the spermogones are generally considerable, even whet 
merely dotted over the margins of the lobes. But sometimes they are dotted in 
great profusion over the whole surface of the thallus, as in P. encausta, P. 
olivacea, P. stygia, and P. conspersa. In. the last-named species the name might 


be supposed to have been given in allusion to the great abundance of the sperio- 


gones. The walls or envelope of the spermogones are generally thick, and ofa 
brown cellular tissue ; they are frequently of the same structure as the epidermic 


_ or cortical layer of the thallus. The cavity is usually simple ; the internal tissue 


dense, horny, hygrometric, and pale grayish. In the old state of the spermogone, 
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from the density of the internal tissue and the thickness of the walls, this organ 
is easily enucleated by a needle. In age, also, the cavity becomes obliterated, 
and is occupied by a mass or kernel-like nucleus, usually more or less spherical, 
of a horny consistence, and sometimes slightly coloured. The spermatia are 
straizht, linear, and very delicate, more frequently acicular, with pointed ends. 
than rod-shaped, with obtuse extremities. NyLaNnper describes them as very 
slightly attenuated in the middle. This I have not specially noticed. Their 
length varies from jj«th to gath, the average' being about ,,;th ; seldom are they 
so small as goth to ijouth long, as in some forms of P. Fahlunensis. Some- 
times, as in some forms of P. tiliacea; they are double the length when attached 
that they are when free. In this instance, while still attached to the sterig- 
mata, they measure jath to seth long, and when thrown off and free, th to 
th. In such cases it would appear probable that, after becoming free, the 
spermatia divide into two equal segments. The breadth of the spermatia gene- 
rally varies from sth to scath, or it isinappreciable. The sterigmata are gene- 
rally longish, very narrow and delicate, consisting of 2-3, or 5-6 linear elongated 
cells, which are sometimes articulated, united, or superimposed at very irregular 
angles. Their length generally varies from ;;th to j;th, their breadth from ,j,th 
to ;wth. They are sometimes to long in P. tiliacea, in which species 
the sterigmata are among the longest and most handsome I have seen. In many 
species, associated with the ordinary spermatiferous sterigmata, occur numerous — 
elongated, very ramose, sterile, delicate filaments, resembling those of Ramalina,— 
as in P. physodes, P. stygia, and P. sinuosa. In the latter species they are about. 
ath long. These anastomosing filaments serve to fill up the cavity of the sper- 
— mogone. Pyenides occasionally occur in Parmelia. It may be doubted by some 
_ whether they really belong to the species on which they occur. But their occur- 
rence among the undoubted spermogones of the species, all of whose external 
characters they possess, and the acknowledged existence of pycnides in other 
lichens, similar to those of many fungi, seem to me strong reasons for regarding 
them as really pertaining to the lichens, on whose thallus they are found. They 
are in all respects similar to spermogones, except in regard to their stylospores — 
and sterigmata. I found them chiefly in two Irish specimens, P. suxatilis from 
Connemara, and P. sinuosa from Dunkerron. From their abundance and pro- 
tninence, the genus Parmelia is a good one in which to study spermogones. 


Species 1. P. caperata, Ach., 


Which occurs in Europe, Africa, America, Asia, and Australia. 

Spectmen 1.—Great stones, near Penzance, Cornwall; in Herb. Hooker, 
Kew. The thallus is very large and handsome—nearly a foot in diameter. 
Where the cortical layer is intact, the surface of the thallus is very 
rugose and warted. But the thallus is nearly altogether devoid of a cortical 
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layer, which has been eroded, exposing the subjacent white, medullary tis- 
sue. So much so is this the case, that the plant is scarcely recognisable as 
P. caperata. Apothecia, which are usually rare, are here abundant. The sper- 
mogones are punctiform and immersed—black when dry, brown when moistened ; 
they are most irregular as to size and form, often chink-like, sometimes confluent. 
They are dotted over the rugose or warted portions of the thallus; but they are | 
most conspicuous on the white eroded portions, their brown colour forming a 
good contrast to the white of the medullary tissue. The body of the organ is 
spherical, and its cavity simple. 
Specimen 2.—Yermanagh, treland; Dr Scorr, 1803; wood, near Camelford, 
Engiand, 1799; in Herb. Hooker, Kew. The thallus is coarsely warted, the 
warts or rugosities being studded over with punctiform spermogones, as in No. 1. 
Specimen 3.—-Tasmania, very common; OLpFieLp; in Herb. Hooker, Kew. 
The spermogones are more distinct and abundant in this specimen than in any 
others of this species I have examined. They are distributed chiefly centrally on 
the thallus, but to a minor extent peripherally, and on specimens not bearing 
-apothecia. The thallus is very rugose, and often consists centrally of a series of 
large cushion-like warts, which are abundantly studded over with spermogones, 
resembling parasitic Spharia. These spermogones are comparatively large. 
black, round rings or spots, superficial, flattened, varying in size, sometimes con- 
fluent and irregular, never distinctly papillaté. In the centre of these rings or 
spots are the simple, round ostioles. The envelope is of a sooty black colour; 
the body of the spermogone is easily enucleated. The spermatia are acicular, 
about to auth long, and saath broad. Kérper very erroneously describes 
them, as in this species atomic and globular, which they certainly never are, 
according to my observations. ‘Ihe sterigmata usually consist of two, or not 
more than three, elongated linear cells, articulated at irregular angles; their 
length is about jth. The spermogones, which occur about the more flattened 
and simple margins of the thallus, are more usually simply dues crtucl and 


_. wholly immersed ; nor are they so crowded as centrally. 


SPECIES 2. P. Ach. 


hese a. cosmopolite, as well as its well-marked but puzzling variety, ciliata, 
DC., which occurs in Europe, Africa, America, Asia, and Australia. This is a very 
variable lichen. Many forms of it, especially var. ciliata, so strongly resemble 
Platysma glaucum as to be constantly mistaken therefor ; others closely resemble 
forms of /?. sinuosa, tiliacea, and other species. It passes into the next species, 
P. pe sforata, which I regard, indeed, as a mere variety of P. perlata. Its sper- 
mogones are generally black, punctiform, immersed, and scattered about the 
margins of the lobes of the thallus. Its spermatia are acicular and of medium 
size ; its sterigmata are composed of a few linear articulations. 
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Specimen 1.—Old wall, Caerlaverock Road, Dumfries, August 1856, W. L. L. 
The edges of the thallus are marked by the presence of a few rudimentary 
cilia; the surface is fibrillose beneath ; there are marginal soredia on some lobes. — 
The spermogones are few, depressed, punctiform; the spermatia about ;4th 
long; the sterigmata of several cylindrical cells, irregularly articulated. 

Specimen 2.—Banks of Crinan Canal, Argyllshire, August 1856, W.L.L. The 
margins of some of the lobes are sorediiferous, of others black-ciliate. The sper- 
mogones are abundantly scattered about the edges of the lobes. The spermatia 
vary in length from jth to gath; the sterigmata consist of cylindrical cells, 
differing in length and brendth. Projecting from among the ordinary spermatifer- 
ous sterigmata occur many elongated, articulated, sterile ones, analogous to those 
of Jtamalina. 

Specimen 3.—Dunkerron, Ireland ; coll. by Taytor; in Herb. Mackay, Dublin : 

with apothecia. The margins of the thallus are ciliate. The sn haaeaneartaa are 
few, and chiefly old, containing no free spermatia. 

Specimen 4.—Scu#RER exs. 360; trunks of trees, Switzerland. Here the 
spermogones are somewhat exceptional in their characters ; they appear to be old 
and hypertrophied, and contain no free spermatia. They are small, brown, semi- 
translucent, grain-like bodies, dotted thickly about the edge of one or two lobes. 

Specimen 5.—Karin Pass, Kumaon, Himalaya, at an elevation of 7500 feet, 
Dr Hooxer; in Herb. Hooker, Kew; with apothecia. The plant closely resembles 
Platysma glaucum. The spermogones are as above described. Jamaica, PurDIE 
(sub nom. P. perforata); avery handsome specimen. Spermogonesare large and 
abundant. Teneriffe; rocky parts of Lagura, 1845; Bourceau “Pl. Canar.” 
No. 1088 (erroneously labelled P. conspersa). The margins of the thallus are 
ciliate. Teneriffe; common in the woods, 1845. Bouraeau, “Pl. Canar.” No. 
1098. The spermogones abound about the margins of the lobes. 

Specimen 6.—Canary Islands, ex. Herb. Webbianum; in Herb. Hooker, Kew. 
This is exactly the plant that is imported, under the name of “ Canary Rock . 
Moss,” from the Canary Islands into London for the Orchill manufacture. It 
bears no apothecia; centrally it is frequently sorediiferous or isidiiferous; it 
sometimes possesses terminal soredia also. In consistence or texture the thallus 
is leathery and thick; its surface is variously cracked and reticulated. The 
spermogones are abundant and large. 

Specimen 7.—Caribbean Islands, H. Suz ATHMAN; Jamaica; bothi in Herb. British 
Museum. Neither bear apothecia; the latter has a ciliate margin. Both have 
abundant spermogones. These, and most of the specimens above enumerated, are 
referrible to the var. ciliata of P. perlata; but in none of them is the ciliation of 
the margin so prominent or so constant as in those which follow. | 

Specimen 8.—Var. ciliata ;.on trees, Castle Bernard, Cork ; coll. CARROLL (sub 


nom. P. perforata). The P. perforata of Hook, “ Engl. Flora,” p. 200; of — 
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Acharius, of Leight. exs. 112, and of E. B. t. 2423, seem to me referrible to P. 
perlata. The confusion between P. perforata and P. perlata is constant, and the 
only way to avoid this for the future is, as I certainly do, to regard the former as 
a mere variety of the latter. Specimens with perforate apothecia are not at 
all common in the so-called ?. perforata, and even when they do occur, they are 
not peculiar to this species, but are found as an accidental condition in various 
Parmelias. The majority of specimens of P. perforata I have seen are referrible 
to var. ciliata of P. perlata. To the same variety of the same species I am in- 
clined to refer P. proboscidea, Tayl., “ Fl. Hib.,” 143. This Castle Bernard — 
men has spermogones of the usual type of those of P. perlata. 

Specimen 9. —Var. ciliata, SCHERER exs. 253 (sub Cetraria glauca 8. fallaz, 
-Ach.); in woods on Mount Gurnigel, Switzerland. The spermogones are old, 
containing no free spermatia; they are dotted over the margin of the thallus. 
ScuaREr has here made the very common mistake of confounding P. perlata 
with Platysma glaucum, whose marginal spermogones, as well as spermatia and 
sterigmata, however, at once distinguish it. 7 

“Specimen 10.—Var. reticulata, Tayl. (syn. P. reticulata, Tayl. Hib.” 
148.) Taytor’s plant seems to me partly referrible also to P. sinuosa. Dunkerron, 
Treland; coll. Taytor, in Herb. Mackay, and named by Taytor himself. The 
plant is most variable ; some of its lobes are broad and rounded, as in perlata ; 
others narrow and sub-linear, as in sinuosa. The larger lobes are ciliate, precisely 
as in var. ciliata of P. pei lata; the smaller ones are frequently tipped with 
soredia as in s¢nwosa and its var. lwvigata. The reticulations, which give the 
plant its name, are merely cracks or fissures of a thick, coriaceous, old thallus. 
The plant bears no apothecia; but its spermogones are sub-marginal, and as 
described in other forms of P. perlata. The same plant occurs also. (collected by 
TAYL OR) in Herb. D. Moore, Glasnevin, Dublin. New Zealand specimens of 
Taytor’s P. reticulata in Herb. Hooker I refer rather to P. sinuosa. 

Specimen 11.—Var. letiformis, Fée (sub Parmelia), Cuba, ex. Herb. Montagne: 
in Herb. Hooker, Kew. This is a very curious variety, in which the thallus is very 
rugose and warted, as in P. caperata, chiefly centrally, but the warted condition 
~ extending also almost to the margins of the thallus.. The'apothecia are very abun- 
dant and crowded, but all are degenerate ; the disk has fallen out, and the saucer- 
shaped cavity which contained it is of the same colour and substance as the exciple. 
The exciple is thick and warted; and the apothecia, which vary much in size, 
resemble so many warts of the most irregular forms. The thallus and apothecia 
are indiscriminately studded over with black, immersed, punctiform spermogones, 
as frequently also happens in P. conspersa. The spermatia are rod-shaped, 
swath long and 4;,«th broad. The sterigmata consist of cylindrical, somewhat 


irregular cells, articulated at very acute angles; ney vary in length from sath to 
wth, with a breadth of 
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Species 3. P. perforata, Ach., 


Which occurs at the Cape of Good Hope, in America, Polynesia, and Australia. 
Like the preceding, to which I believe it chiefly belongs, it ‘is a most variable 
and puzzling plant. It is non-British, but frequent in warm climates; supposed 
British specimens are all referrible to P. perlata. The examination of a con- 
siderable suite of foreign specimens in the Hookerian Herbarium, named by Ny- 
LANDER himself, convinces me that the majority of foreign, equally with British © 
_ specimens, is referrible to P. perlata, and that the perforate state of the apothecia 
is a most variable and unsatisfactory feature in either ?. perforata or P. perlata. 
The normal spermogones of perforata would appear to ‘be essentially those of 
P. perlata, being black, punctiform, immersed, and scattered on the flat surface 
of the thallus near its periphery. When degenerate, or aged, they sometimes 
become mere black macule. In exceptional cases, the apothecia, as in var. 
letiformis of P. perlata, are studded over with spermogones. But the most 
interesting feature in regard to the spermogones is the occurrence, in var. denti- 
culata, on the margins of the lobes, of enormous barrel-shaped ones which appear | 
like a fringe or series of coarse black teeth. Sometimes these occur alone, or as 
the only form of spermogone; at other times, they are associated in the same 
specimen with the ordinary black punctiform spermogones. It is of much 
interest here to notice the double form of spermogone; the fact tends to prove 
that the lichens, as well as the fungi, may have several forms of reproductive 
_ organs, and that there is nothing more unnatural in supposing the lichens possessed 
of spermogones and pycnides—sometimes of more than one form of each—than 
in allowing that these latter organs are possessed by many fungi, which, for- 
tunately for themselves, have been more fully studied than the lichens! 

_ Specimen 1.—Long Island, North America, May 1856; Dr A.O. Bropir. The 
apothecia are very large and abundant; they are flat, cracked, or fissured at their | 
margins, and have a central lacerate-elongate perforation or fissure. This is 
undoubtedly the P. perforata of authors; but the apothecia and spermogones, 
_ spores and spermatia, are all those essentially of P. perlata. The spermogones are 

abundant, and, under the lens, distinct; they are scattered about the periphery of 
the thallus. They are minute, round, black spots, or indistinct papillee, having 
their centre pierced by an ostiole, which is generally depressed. The latter is 
round and patent in the older spermogones; it has sometimes a sub-prominent 
biack margin, or it may be surrounded by a pale thalline margin, not circum- | 
scr'bed, but passing gradually into the ordinary colour of the thallus. Rarely it 
is seated on a distinct papillar elevation of the thallus. ‘The body of the spermo- 
yone is wholly immersed, and consists of a grayish tissue. The spermatia are 
long delicate needles, about ;4,th long, among the largest and most handsome | 
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have seen. The same remark applies to the sterigmata, which are made up of 
delicate, elongated, cylindrical cells. Intermixed with them are numerous very 
long branching delicate filaments, as in /tamalina, which obscure by their 
abundance the ordinary sterigmata, and fill up the cavity of the spermogone. In 
specimens also collected by Dr Bropie, and labelled Waterville, Long Island, 
April 1856, there are no apothecia, and the spermogones are old. They contain 
only sterile, elongated, branching filaments as above described, and which, with 
age, accumulate in the mature spermogone so as to obliterate the spermatiferous 


sterigmata. 


_ Specimen 2.—Rio Janeiro, 1846-51; from Henry Pau, Edinburgh. A very 
elegant and beautiful form, in which both the margins of the thallus and of the | 
apothecia are ciliated. The spermogones are as described in No. 1. | 

Specimen 3.—Mahasa, Simla, North-West Himalaya; temperate region at 
8000 feet; coll. by Dr THomas Toomson; in Herb. Hooker, Kew. The thallus 


has a ciliate margin, and the spermogones are those of P. perlata. Lachen, 
Sikkim, Himalaya; temperate region at 9000 feet; coll. Dr Hooker; has 


no apothecia and no ciliate margin of thallus. Monkrum, Khasia; temperate 
region at 5000 feet; coll. by Drs Hooxer and T. Txomson; all in Herb. 
Hooker, Kew. The spermogones are those of P. perlata. Madras, coll. Dr 
Hunter; also in Herb. Hooker. The margin of the thallus is slightly ciliate ; 
the spermogones are those of P. perlata. 

Specimen 4.—(Sub nom. Lichen perforatus, Jacq.), ex herb. Dickson ; in Herb. - 
Menzies, Royal Botanical Garden, Edinburgh. The apothecia are large and per- | 
forate; the margin of the thallus is furnished with long marginal cilia; and the 
spermogones are abundant, and of the character of those of P. perlata. | 

Specimen 5.—Var. digitata mihi. Ascent to the Pedra Bonita, Leguca (Brazil), 
1836; coll. GeorGr GARDNER ; in Herb. Hooker, Kew. The margins of the thallus — 
are prolonged into curious finger-like lobes or lacinise, dotted over with black punc- 
tiform spermogones, which also cover a large portion of the thallus. The spermo- 
gones are largish and distinct. They occur also on a specimen from the branch of — 
a tree in Jurajuba Bay, Rio Garda, 1837 (GaRDNER), in which the thallus has a 
rusty-red tint. In a specimen also in Herb. Hooker (with no habitat given), 
which is referred to P. perlata by NYLANDER, the lobes are frequently divided and 
prolonged into linear laciniee, branching and dissected a good deal. These pro- 
longations are evidently the analogues of the digitate ones in Organ Mountain 
specimens sent home by Garpner. They are almost invariably covered over 
with black, punctiform, immersed spermogones; they are fringed with long 


beautiful black fibrils, as are also the margins of the ordinary lobes. The apo- 
- thecia here are of enormous size. 


Specimen 6—Var. denticulata, mihi. Sikkim, Himalaya; alpine 
region at 11,000 feet ; coll. Dr Hooker; in Herb. Hooker, Kew. No spermogones 
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of the ordinary kind occur here ; but on the margins of the lobes is seated a series 
of very large black cones, which resemble a fringe of coarse teeth. Some are 
rather barrel-shaped than papilleeform; most of them are broad and_ short. 
and all have distinct ostioles. The spermatia are rod-shaped, about ;:th long, and 
ath broad. The sterigmata are about ;;th long, and z;th broad ; they are very 
delicate, are composed of 5 or 6 delicate cylindrical articulations, and are with diffi- 
culty seen amid the dense, intertangled mass of sterile, elongated, anastomosing 
filaments, which project from among and far beyond them and fili up the 
cavity of the spermogone. The latter filaments resemble those of P. saxatilis, P. 
physodes, and many other Parmelias ; but they are usually much more abundant, 
and they branch and anastomose in ail directions. The thallus bears apothecia ; 
the under surface and sometimes the margin are sparingly fringed with long 
black fibres. The spermogones here resemble those of Platysma, though the sterig- 
mata, spermatiferous and sterile, differ somewhat. Were it‘not that in the two 
following specimens these spermogones are found associated with the ordinary | 
spermogones of P. perforata or P. perlata, there might be some difficulty 
in deciding whether this plant belongs to Platysma or Parmelia. As it is, | 
_ have no hesitation in placing it here. The spermogones vary greatly in regard 
to size and closeness of apposition; hence — form a most irregular fringe or 
margin. 

Specimen 7.—Var. denticulata, Munklow, Khasia, India; sub-tropical region, at" 
4000 feet; coll. Drs Hooker and THomas Tuomson. This appears to be a transition 
form of great interest, inasmuch as, in addition to the large barrel-shaped mar- 
ginal spermogones described in No. 6, it possesses black punctiform spermogones — 
_ of the ordinary kind, dotted about the margins of the lobes. The plant bears 


apothecia; the margin of the thallus is slightly ciliate, and, but for the barrel- _ 


shaped spermogones, the plant has all the appearance of P. perlata. — 

| Specimen 8.—Var. denticulata, Nepaul; in Herb. Hooker, Kew; a very large 
and handsome plant. - Like No. 7, this possesses both forms of spermogones, the - 
barrel-shaped ones being among the largest and most distinct I have ever met 
with in lichens. Besides occurring on the margins, however, they are occasion- 
ally studded on the flat surface of the lobes, near their margins. The spermatia 
_and sterigmata are precisely as in P. perlata. | 


Species 4. P. crinita, Ach. 


Specimen 1.—Sicily Island, Ohio, U. S. America, Prox; in Herb. Hooker, 
Kew. This plant also seems to me referrible to var. ciliata of P. perlata; its | 
lobes are fringed with beautiful long, delicate, black fibres. The spermogones 


are abundant, as they are in all extra-European forms of P. — and its con- 
geners. 
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Sprecigs 5. P. tiliacea, Ach., 


Which occurs in Europe, Africa, America, Asia, and Australia. BAYRHOFFER 
regards this as the type of a hermaphrodite lichen. From observations on this 
and other lichens, he maintains the doctrine, that spermogones are transformed, 
in the progress of development, into apothecia. There is certainly nothing in 
this species to warrant such a conclusion. The site and structure alike of the 


-apothecia and spermogones are different. But Bayruorrer’s views on this 


and other departments of physiological lichenology are now generally regarded 
as. speculative in the extreme,—as more ingenious than sound. They will be 


found freely criticised in the “ Flora” for 1851-2, a8 well as in Tuvasne’s — 


Mémoire, p. 165, et seg. From the pale-gray colour of the thallus, the black 
punctiform spermogones of this species are generally easily recognised.. They 
are usually grouped, sometimes confluent, studded about the margins of the 


lobes. The internal tissue is dense, horny, and of a grayish colour, the cavity 


simple, but obliterated with age, the whole body of the spermogone becom- 
ing a nucleus or kernel of a horny tissue. The spermogone, in its mature and 
old state, particularly the. latter, is easily enucleated by the point of a needle. 
The sterigmata are about ;;th to ,,th long, and gisth broad ; they consist of five 


or six delicate linear articulations. The spermatia frequently differ in length, 
according as they are fixed or. free; in the former case 554 are sometimes 


sath to wath. in the latter, sooth to sth long. 

_ According to NyLanber, P. carporrhizans, Tayl., is referrible to P. tiliacea. It 
may be so pro parte; but the majority of specimens I have seen are certainly | 
referrible rather to P. sinuosa. | 

Specimen 1.—Scu#rer exs. 358 (sub nom. P. quercifolia a. munda,) on the 
trunks and branches of trees, Mount Laiigenberg, Switzerland. The spermatia 
and sterigmata of the black punctiform spermogones are among the most beauti- 


ful I have seen in the genus Par meliG, Some of the attached spermatia are igath 


to math long, with a breadth of ssc 35,000 th. Intermixed with the ordinary spermati- 
ferous sterigmata are numerous elongated, sterile, ramose filaments, as in P. saxa- 
tilts, P. physodes, P. perforata, and other Parmelias. The free spermatia measure 
sooth. long ; some of the sterigmata, with the attached, 
about 

Specimen 2.—B. de Blsceas Pyrenees, Spruce’ .* Lich, Pyrenzi ” in Herb. 
Hooker, Kew; with plentiful apothecia. The spermogones are generally crowded 


on the convexities, and about the ends of the lobes, of the thallus, each being — 


perched upon, or rather contained in, a pale cone-like elevation of the thallus. The 


-ostioles are marked by largish black points. The spermatia are needle-shaped. 


about jth long, and goth broad. The — consist sad five or six linear 
delicate cells or articulations. 
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Specimen 3.—Medhari Pass, Kumaon, Himalayas, ‘at an elevation of 8200 
feet; ex. Herb. Strachey and Winterbottom ; in Herb. Hooker, Kew (sub nom. 
P. scortea, Ach.) The thallus is smoothish ; the apothecia abundant. The sper- 
mogones are also plentiful, sometimes marked by black points, round or irregular, 
largish, seated on the summit of pale cone-like elevations of the thallus. Some- 
times they are confluent ; occasionally the black ostiole is —! and seated 
in the centre of a ring or macula of the thallus. : 

Specimen 4.—Tasmania, Antarctic Expedition 1839-43, Dr Hooker : 
Herb. meo; a small fragment on a twig, associated with Usnea barbata. It has 
no apothecia; but spermogones are abundant about the margins of the thallus, 
as distinct, black, round, papillar points, sometimes flattened, but never depressed. 
_ The spermatia are delicate needles, about gath long, seated on the apices and 
sides of articulated sterigmata, of the character described in No. 2. The:cells or 
articulations, which compose the latter, differ much in length and breadth, though 
they are generally largish and cylindrical. 

Specimen 5.—On trees, Glankenburg, Hartz district, Germany coll. Hamre, 
1846; exs. No. 43. Chinar, Kumaon, Himalayas, at 8700 feet; ex. Herb. 
Strachey and Winterbottom ; apothecia and spermogones abundant. Both organs 
also occur plentifully in specimens from New Zealand, coll. Cotenso ; British 
North America, coll. Drummonp; Ohio, U. S., America, coil. Lea (sub nom. 
P. galbina, Ach.) All these specimens are in Herb. Hooker, Kew. 

Specimen 6.—(Sub nom. P. submarginalis, Ach.) Canada, Carolina, int 
other parts of North America; in Herb. Hooker, Kew. This is a small form of 
the thallus, but the apothecia and spermogones alike are essentially those of 
P. tiliacea. The spermogones are black, punctiform, wholly seams and scat- | 
tered about the ends of the lobes on their flat surface. 


Species 6. JP. sinuosa, Ach. 3 


Almost a cosmopolite species. It is a most variable and puzzling species, and 
so closely resembles P. perlata, P. perforata, P. saaatilis, P. tiliacea, and other 
Parmelias, as to be frequently confounded therewith. The apothecia are seldom 


eo met with, and the spermogones are generally neither abundant nor very distinct. 


There are several important varieties more or less well marked, viz.:— 

1. Var. hypothriz, Nyl., which includes, for the most part, P?. curporrhizans, 
Tayl. It occurs both in Europe and in the Canary Islands. | 

2. Var. relicina, Fr., which would appear to be marked chiefly by its yellow 
colour. This is not, however, a good, because not a constant, distinction. Speci- 
mens with a yellow thallus chiefly occur in foreign countries, such as America, 
Australia, and Java; but I have found them also occasionally in British specimens. 
Such specimens have generally a tougher thallus than in those of a white or gray 
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colour, and its surface is generally more or less reticulate or fissured. Hence | 
this var. passes into, and is closely associated with, var. reticulata. | 

3. Var. reticulata is pro parte P. reticulata, Tayl., which also belongs partly 
to P. perlata. It is chiefly a New Zealand species. 

4. Var. rugosa, the P. rugosa, Tayl., “ Fl. Hib.,” 145, which -_ sometimes 
also belong, pro parte, to P. saaatilis. 

5. Var. levigata, Ach. The P. levigata, Tayl., ‘ Fl. Hib.,” 148, sie Bot, 
1852 ; chiefly an Irish species, but which occurs also in America. 

G. Var. erratica mihi, a curious erratic form, so far as [ am aware as ‘yet 


peculiar to Melbury Hill, near Shaftesbury. Dorsetshire, 


Specimen 1.—On Dunkerron, Ireland ; coll. TayLor; in Herb. Mackay; with 
apothecia. The thallus is thick and coriaceous; the ends of the lacinize frequently | 
bear large soredia, as is commonly the case in foreign specimens; and the colour 
of the thallus is that of P. conspersa. Its colour would refer it to NYLANDER’s 
var. relicina (Parmelia relicina, Fr.) Intermixed with the spermogones occur 
Pycnides, having all the outward aspect, as well as the site, of the spermogones. 
It admits of a doubt whether these bodies really belong to P. stnuosa, as L have 


- not found them in other specimens. But, on the contrary, there are no grounds 


for supposing that, while the spermogones of P. sinuosa really belong to that 
species, the pycnides which occur in this individual specimen do not! The 
pycnides are minute, black, punctiform bodies, wholly immersed, and scattered 
near the margins of the lobes, on their flat surface. . Their envelope is brown. 


_ Their stylospores vary much as to size and form; they are mostly spherical or — 


oval, about smth in diameter, on very short, simple, linear sterigmata. The sper- 
mogones, with which these pycnides are associated, are frequently largish, brown, 


round bodies, seated on warts of the thallus. 


Specimen 2.—Apparently also from Ireland ; coll. Miss Horomms, 1810; in 
Herb. Hooker, Kew; said to be “common on rocks.” - The spermogones are 
chiefly old, and sometimes occur as largish, round, flat macule. _ 

Specimen 3.— Ballachulish, Argyllshire, 1807; in Herb. Hooker, ae The — 


thallus has the greenish-yellow colour of P. conspersa, and is therefore referrible 
to Fries’ P. relicina. The spermogones are few and:scattered, and resemble out- - 


wardly those of P. conspersa. Glen Nevis; coll. Borner, 1810; also in Herb. 
Hooker; a few young spermogones, containing no free spermatia. _ 

Specimen 4.—Jamaica, Dr Wricur. The spermogones are very abundant, 
dotting over the entire convex surface of the lacinie, but grouped especially about 
their extremities. They are generally brown, punctiform, wholly immersed, 
sometimes with a depressed ostiole, at other times seated on small, ill-marked 
thalline papille, frequently irregular as to form. Mauritius, Boyer; Casapi, 
Peru, MarrHews ; Columbia, JamEson ; Quito; old spermogones become large, 
round, black depressions on the surface of the thallus; Chinar, Kumaon, Hima- 
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laya, at 8700 feet, ex Herb. Strachey and Winterbottom. All these specimens 
are in Herb. Hooker, Kew. | 
Specimen 6.—Var. hypothriz, Nyl. “ Lich. Paris.” (exs.) The spermogones are 
very abundant and distinct on the smooth glaucous thallus, about its periphery, 
as minute, brown, elevated papilla. The spermatia are delicate needles, about 
ath long, and s;0th broad; the sterigmata measure about jth long, and are 
very irregular in outline from ssc acute angles at which the component cells are 
articulated. 
Specimen 6. —Var. reticulata, New Zealand, Antarctic Expedition, 1839-43, Dr 
- Hooker. The thallus is gray, or of a very pale brownish-yellow colour, apparently 
the result of desiccation ; some of the lacinize have sorediiferous tips, others have 
black-ciliate margins. Thespermogonesare old, few, and scattered about the ends 
of the lacinize or lobes ; they contain no free spermatia. There are no apothecia. 
Specimen 7.—Var. rugosa, Blackwater River, County Kerry; coll. Tay or in 
Herb. Mackay, and named by Taytor himself. The spermogones occur mostly 
as brown points scattered about the ends of the lacinie; sometimes they are 
_ sub-papilleeform; when old and degenerate, or when confluent, they occasionally 
become maculiform. The ostiole is generally so minute as to be inconspicuous ; 
but occasionally it has a thick, brown, prominent, ring-like margin. The sper- 
matia are needle-shaped, about sath long, and 3; 0th broad; the sterigmata con- 
sist of few articulations. Specimens from the same locality in Herb. D. Moore. 
also collected and named by TayLor himself, are identicai with specimens in the 
Herbaria of Macksy and Hooker. ‘The young spermogones are generally puncti- 
form, brown, wholly immersed, studded singly, or in small groups, on papillar 
elevations of the thallus. The older ones are chiefly single, each being the centre —_ 
of a thalline papilla. The apex of this papilla forms a pale ring round the deep — 
chestnut-coloured ostiole, which is flattened or depressed. Sometimes these old — 
spermogones are so prominent as to appear like Verrucarie, or young apothecia. 
In the old state of the spermogone, the ostiole is frequently gaping and fissured, 
and surrounded by a deep-brown ring, as is often the case also in P. sazatilis. In- 
a specimen in Herb. Carroll, coll. in County Kerry, in 1842, by D. Moore, the sper- _ 
mogones are also old, prominent, brown papillze or rings, with gaping ostioles. The 
plant has apothecia ; the thallus is very white or cream-coloured, smoothish, with 
frequently proliferous margins. The laciniz are neither lacunose nor Tugose ; 
hence, in this case at least, and perhaps in the majority of cases, the name rugosa 
is a bad and non-characteristic one. Many of the Irish specimens have a greater 
resemblance, so far as regards their thallus, to P. saxatilis than to P. sinuosa. A 
specimen from Dunkerron, Ireland, coll. by ‘TayLor, in Herb. Hooker, Kew, has 
spermogones which, with age, become brown superficial warts, perched on pale 
thalline papille. ‘The apothecia resemble those of P. saxatilis. | 


Specimen 8.—Var. levigata. On Maam, Connemara, Ireland ; coll. D. Moorr: 
VOL. XXII. PART I. 
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in Herb. Carroll. There are no apothecia; but old degenerate spermogones 
abound about the ends of the lacinix. They are brown, immersed, round, ellip- 
soid or lirelleeform, or sti!l more irregular in form ; on free spermatia are seen. 
The colour of the thallus is white. Nova Scotia, 1784, in Herb. Menzies, Royal 
Botanic Garden, Edinburgh; has both apothecia and spermogones; as has also a 
specimen from Kollong, Khasia, India, temperate region, at an elevation of 5000 


— feet; coll. Drs Hooker and Txos. THomson; in Herb. Hooker, Kew. 


Specimen 9.—Var. erratica mihi, Melbury Hill, near Shaftesbury, Dorsetshire, 
May 1857; coll. Sir WALTER C. TrEvELYAN of Wallington. This is a very curious, 


erratic, globular form, the thallus having become repeatedly curled inwards on 


itself, so as te assumie the form of a small ball; it was found lying free or unat- 
tached on the ground, rolling before the wind on the downs of Melbury Hill. 
Specimens were submitted by Sir Water TREVELYAN to the most distinguished 
British lichenologists, a‘l of whom were puzzled in regard to its name and place 


in classification, and each of whom ascribed it to a different species. Sir W. 
~ Hooker referred it to P. saxatilis * the Rev. M. J. BerKeLey and the Rev. 
Bapineron to stellaris the Rev. W. A. Leicuton to P. sazatilis, 
of which he constituted it var. concentrica ;+ while I placed it provisionally under 


P. cwsia.{ This difficulty or dubiety arose from the absence of apothecia. Nor, 
when I first examined the plant, did I find any spermogones; but in specimens 
subsequently sent me by Sir WaLTER TREVELYAN, | have been successful in find- 
ing them in small quantity; and hence am now able to refer the plant to P. sinu- 
osa. Many specimens are very like P. perlata, and others like P. saxaiilis. But 
the examination of a suite of specimens, in very different states, leads me to place — 
it here; constituting it, as it deserves, into a distinct variety, to which I give, in 
allusion to its peculiar habit, the appellation erratica. The thallus is smooth and 
glaucous; marginal soredia and marginal cilia are occasionally found on some 


specimens, and on some lobes. The spermogones are few, old, and scattered about 


the ends of the laciniz ; they contain no free spermatia. Outwardly, they have all 


- the characters of those of 7. s‘nuosa. In some specimens the plant is associated 
with spermogoniferous states of P. ph ysodes, and has evidently been detached from 
the twigs of trees, which would appear to be its normal or usual habitat. 


Specimen 10.—Var. Caracensis (Parmelia Caracensis, Taylor), Caracas, South 
America; coll. J. Lrnpen, 1842, exs. No. 576; also Columbia, JAmMEson; both in 


Herb. Hooker, Kew. The spermogones are scattered about the ends of the lacini, 


the young ones as punctiform, immersed, black bodies, the old ones as small black 


* Gardcner’s Chronicle, Feb. 9, 1856, p. 84, and March 15, 1856, p. 172. Scottish Gardener, 
No. 3, p. 100, March 1856 (Proceedings of Botanical Society of Edinburgh). 
t Leiauton’s Lich. Britannici exsicc. Fase. 8, No. 232 (1856). 
¢ Popular History of British Lichens, London, 1856, p. 211, et seq. Monograph of the Genus 
Abrothallus, in Quarterly Journal of Microscopical Science, January 1857, P. 41. 
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| sub-prommens papille. The cavity is simple; the spermatia are about sath long, 
and ;,th broad, needle-shaped ; the sterigmata are iasth to j;ath long, and consist 
of a few articulations only. Projecting from among the latter, are numerous elon- | 
sated, very ramose, and delicate filaments, generally about jth long, asin P. saxr- 
atilis, P. physodes, P. agonal and other Parmelias. 


Species 7. P. mutabilis, Tay). 


Specimen 1.—On rocks, Uitenhage, Cape of Good Hope; in Herb. Hooker, 
Kew. This plant is at least partly referrible to P. conspersa. The spermogones 
are brown, punctiform, whoily immersed ; grouped in considerable numbers on 
the convexities and about the ends of the lacinie. The spermatia are acicular, 
about long, and goth broad; the sterigmata about to long, asso- 
ciated with a few elongated, sterile, ramose filaments, as in P. physodes, Kc. 


Species 8. P. Kamtschadalis, Ach. 


An Asiatic species, some of whose varieties, however, occur also in America. 
This species is so protean and puzzling that it is necessary to study very care- 
fully all its varied forms. It appears, on the one hand, to pass into Evernia fur- 
furacea, and, on the other, into P. physodes and P. perlata. In the Hookerian 
Herbarium it is partly included under the genera Borrera and Evernia, being sup- 
posed, apparently, allied to Evernia furfuracea, from which, indeed, it is frequently 
indistinguishable on cursory examination. The peculiarity of the plant is that 
the thallus is prolonged into linear, digitate processes, more or less irregular — 
in form, which are sometimes convex above, and channelled below, as in Lrernza, 
‘sometimes fistulose (var. jistulata, Taylor). These thalline processes appear 
analogous to those that occur in Organ Mountain specimens of P. perforata. 

Specimen 1.—Kumaon, India; in Herb. Hooker, Kew. The thalline lobes 
are frequently margined by long, irregular, narrow processes, which are at first 
merely channelled below and convex above, but which, from curling in, or involu- 
tion of the margins, become sub-fistulose and nearly round. The flat processes, 
especially, sometimes give off from their ends secondary or smaller processes of a. 
similar kind, in groups or tufts. All these processes are studded over with black, 
punctiform, immersed spermogones, with acicular spermatia, about goth long, and 
_ sterigmata, consisting of a few articulations, about j;th long. Specimens also in 
Herb. Hooker, from Nepaul and the Neilgherry Hills, India (ex. Herb. Montagne , 
have lacinize abundantly dotted over with spermogones, resembling those of | 
P. physodes, var. vittata, » Scherer. Some forms of this species are also very like 
P. perlata. 

_ Specimen 2.--On the white oak, California ; coll, DEIGHTON, 1857. The apo- 
_ thecia resemble those of P. physodes; but they are scattered about the ends — 
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of the long linear lacinize or processes. Some specimens so closely resemble 
P. physodes, in some of its aspects, that they might be referred to that species as 
a variety. The spermogones are abundant about the ends of the lacinize or pro- 
cesses; they resemble those of P. physodes in internal structure and contents, as 
well as in outward aspect. The spermatia are acicular, about jth long, and 
smth broad. The sterigmata consist of a few delicate cylindrical articulations, 
and are associated with long ramifying and anastomosing filaments, as in P. phy. 
sodes. The spermogonal envelope is of a pale-brown cellular tissue. 


Species 9. P. moniliformis, Bab. 


Specimen 1.—New Zealand, Colenso, Nos. 863 and 2685; in Herb. Hooker, 
Kew. This plant is very closely allied to P. conspersa, if it does not belong thereto 
merely as a variety. Two forms of it here occur. One has linear, simple lacinie, 
of a beautiful lemon-yellow, dotted over with punctiform, black, immersed sper- 
mogones. The other has lobes much corrugated and warted, convex and deformed ; 
these too are dotted over with spermogones, which have all the external characters 
of those of P. conspersa. These spermogones are frequently confluent, joining 
each other by black radiating fissures; sometimes they are large and almost 
papilleeform. The spermogones are also studded over the warts, with which the 


_ thallus is more or less plentifully covered, and they occasionally occur also on the 


apothecia, especially the young ones. The spermatia are acicular, about ath. 
long, and 3;ath broad. | | 


Species 10. P. colpodes, Ach. 

P. ‘Michauaii. Auct. ) 

Specimen 1.—North America; in Herb. Hooker, Kew. This species, like the 
last, is closely allied to conspersa, if it does not belong to it. The spermogones 
are scattered. over the convexities and about the ends of the lobes; they are 
brown, punctiform, immersed. The ostiole is sometimes easily seen under the 


Tens; it appears surrounded bya brown ring. The spermatia are acicular, 


and about <2 sooth long, and broad; the sterigmata are about in length, 
and are composed of a very few long delicate cylindrical cells, articulated at very 
and acute angles. 


‘Species 11. P. Ach. 
Almost a cosmopolite. This is a most changeable plant, containing a number of 
marked varieties, to two only of which NyLANDER gives separate names—Vviz., var. 
lugubris, Pers., and var. enteromorpha, Ach., both American species. I also refer’ 


to this species, Acnartus’ P. encausta. In all forms of P. physodes, spermogones 


are more or less plentiful; in some to such an extent as to have been chiefly or 
wholly the source of the names given to its varieties by earlier lichenologists. 
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Thus Scu#£RER’s varieties 7. multipuncta and 6. vittata of his P. ceratophylla, as’ 
well as the var. stigmatea of Wallroth, are mainly or merely spermogoniferous 
states. The spermogones are usually largish and distinct, scattered about the 
_ ends of the laciniz ; they are black, punctiform, and immersed. In the old state 
the ostioles frequently become large and distinct, generally round, thouh often 
stellate-fissured, sometimes surrounded by a turgid brown ring; at other times 
they are confluent and maculiform. The spermatia are acicular, and about 
ath to ath long, and sooth to sasth broad. The sterigmata are usually com- 
posed of a few delicate cylindrical articulations, and measure in length, with the 
spermatia attached, about sath to j4sth, their breadth being about th to 
Associated with the ordinary spermatiferous sterigmata are elongated, very deli- 
cate, branching and anastomosing filaments, which project into and fill the cavity 
of the spermogone. Their length is frequently about jth to sath. 
_ Specimen 1.—Craigie Hill, Perth; on old walls; April 1856, W. L. L. Sper- 
mogones are very abundant, in all their stages of development. The older ones 
have a distinct round black ostiole, surrounded by a prominent ring or border, 
brown or black. Sometimes, on the darker laciniz, contiguous ostioles are ited 
_ by black fissures passing between them ; sometimes they become confluent and — 
-maculiform. This specimen has abundant apothecia ; the young ones sometimes 
resemble the brown rings which occasionally surround the spermogonal ostiole. 
There is great. variety in regard to the form and size of the lacinize : sometimes 
they are short and broad; at other times long and narrow, terminating or not in — 
_-soredia. 
Specimen 2. ales! Hill, Perth, April 1856, W. L. L.; on the bark of firs 
and other trees. The thallvs has short broad laciniz. Many of the spermogonal 
ostioles are depressed ; sometimes a chain or group of ostioles is united by a 
series of black cracks or fissures. The ostiole has also frequently a prominent 
black border. Corticolous specimens are destitute of — which, however, 
occur sparingly on saxicolous ones in this locality. 
Specimen 3.—Kinnoull Hill, Perth, March 1856, W. L. L.; on the stumps of 
dead firs and pines; with apothecia. The spermogones are few; the laciniz are — 
elongated and sorediiferous, and inflated at the ends. | 
Specimen 4.—Knock Hill, Crieff, June 1856, W. L. L.; on the bark of firs and 
pines, especially the Scotch fir (Pinus sylvestris). The -apothecia are very abun- 
dant, more so than in any specimens of this species I have ever collected or seen. 
The spermogones are also plentiful. 
Specimen 5.—Moncreiffe Hill, Perth, on rocks, August 1856 ; coll. Dr . 
LinpsaY; broad-lobed form ; no apothecia. — | 
Specimen 6.—In woods, between Dalmahoy and Currie, near Edinburgh, June . 
1856; coll. Dr Murray Linpsay; on trees; with apothecia. The thallus is of a 
dark-gray; the laciniee are narrow, elongated, and sorediiferous. The spermo- 
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gones are associated with large, flattened, black macule, which seem fungoid i in 
their nature. 

Specimen 7.—On rocks, Morchone, Braemar, August 1856, W. L. L.; with 
apothecia. The central as well as peripheral parts of the thallus are studded 
over with very minute black punctiform spermogones. a 

Specimen 8.—On blasted Scotch firs (Pinus sylvestris), Glen Lui Beg, Braemar, 
August 1856, W. L. L.; no apothecia. Spermogones are of the usual character. 

Specimen 9.—Bridge of Cally, Blairgowrie, August 1856, W. L. L.; on walls; 
no apothecia. The thallus is eroded in patches, exposing the white medullary 
layer. Roadside walls, Spittal of Glenshee, Braemar, August 1856, W. L. L.; no 
apothecia. The spermogones are large; the ostioles patent, with thickish, dis- 
tinct, black borders, which are ring-like. Frequently the spermogones. are con- 
fluent and maculiform. 

Specimen 10.—Melbury Hill, near Shaftesbury, Dorsetshire, May 1857 ; coll. 
Sir Waiter C. TREVELYAN; associated with P. sinuosa, var. erratica. The sper- 
mogones are few and scattered. 

Specimen 11.—On a stone fence, near Montrose, Forfarshire, July 1843; coll. 
A. CroaLL; with apothecia. The spermogones are extremely minute, brown, — 
and punctiform, scattered about the ends of lacinize with large terminal soredia, | 
and inflated or bullose tips. In specimens from Guthrie, Forfarshire, also coll. 


by Croat, in Herb. Hooker, Kew, the lobes are broad and simple, but the sper- 


mogones are the same. 

Specimen 12.—Kildale, Cleveland, Volahive, 1855-6; coll. W. Mupp. ‘The 
thallus is of a darkish hue; the spermogones are very minute and punctiform, 
giving the laciniee the appearance of being errlenent with a series of very minute 
black perforations. 


Specimen 13.—On the white oak of California; coll. DeigHton, 1857; with 


abundant apothecia. The plant resembles ScHZRER’s var. 7. multipuncta, which, 
however, he describes as chiefly saxicolous. The lacinize, or segments of the 


thallus, differ much in form and size; some are narrow and linear, not terminat- 
ing, however, in inflated bullz or soredia; others are flattish, sub-fastigiate at 
the ends, and somewhat retuse, also like the lacinize of P. saxatilis. The sper- 
mogones are minute, punctiform, black. The spermatia are acicular, about math — 
long, borne on the apices and sides of sterigmata, which are composed of two or 


three delicate, cylindrical articulations only. From among the latter project 


numbers of the elongated, sterile, very ramose filaments already described as 80 
generally occurring in P. physodes. | 

Specimen 14.—On rocks, Blackpool, near Cork ; oy Carrot, This is near 
SCHARER’S vars. . multipuncta and 6. vittata. Though in these spermogoniferous 
states of P. physodes, spermogones are abundant, they are generally old and de- — 
generate, and he who expects always to find in them abundance of spermatia will 
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most assuredly be frequently doomed to disappointment. In specimens on bark 
from Ardrum, near Cork, also collected by Carro.1, the spermatia are delicate 
needles about ath long, and ;;th broad; the sterigmata, with spermatia attached, 
measure to long, and joxth to broad. The elongated, ramose, 

sterile filaments reach a length of to with a breadth of to 
The envelope is of a pale-brown cellular tissue. 

Specimen 15.—ScH&RER exs. 367 (sub 6. vittata); on firs. There area few old 

spermogones on the lower specimen in my copy (ed. alt. immut. 1840), scattered 
on the convexities of the lacinize near their ends. The ostioles are large, round 
or oval, with a turgid, black, ring-like border. 

Specimen 16.—Van Dieman's Land ; coll. Cuas. Stuart. The thallus is broad- 
lobed, very white; the apothecia are seated on bullose erect pedicles, or podetia- 
like dilatations of the lobes, which resemble those of Leptogium bullatum. The 
spermogones are very abundant, large, and easily seen. Mauritius ; both 
mens being in Herb. Hooker, Kew. | 

Specimen 17.—On trees and rocks, forests oe Mount Wellington, Van Die- 

man’s Land; coll. Mossman, 1840; in Herb. Royal Botanic Garden, Edinburgh. 
_ The lacinie are large, white, and glossy ; the apothecia and spermogones plentiful, 
and of the ordinary characters. — | 
Specimen 18.—Var. vittata, Scher.; West Coast of North America; coll. 
_MENzi1Es, 1787; in Herb. Menzies, Royal Botanic Garden, Edinburgh. The lacinize 
are very long, flaccid, narrow, and everniiform. There are no apothecia; and the 
spermogones are few but large. In a specimen from the same locality, also col- 
lected by Menzigs, in Herb. Hooker, Kew, the laciniz are pendent, and some- 
times bullose at their extremities ; the spermatia and sterigmata of the ouaas 
gones are quite those of our British P. physodes. 

‘Specimen 19.—Norway ; in Herb. Hooker, Kew ; very near SCHZ:RER’S vittata. 
of the lacinize are wholly dotted over with old in few or none 

of which are spermatia discoverable. : 

Specimen 20.—Var. lugubris, Pers., Avon Ranges, Australia; coll. MULLER, 
1854; in Herb. Hooker, Kew; with apothecia. The plant greatly resembles P. 
enausta, the whole surface of the lacinive being penne paneae with immersed | 
spermogones, as in that species. | 

Specimen 21.—Var. enteromorpha, Ach. (sub Parmelia enteromorpha, Ach.) : | 
2 Tasmania, Antarctic Expedition 1839-43, Dr Hooker. This is a form trailing 

over shrubs of various kinds, just as it does on heather, &c., in this country. In 
- some specimens apothecia abound, and the same specimens are generally more or _ 
_ less plentifully dotted. over with spermogones. They are in all respects those 
_ of the type to which this plant manifestly belongs as a variety. They are 
usually grouped in large numbers ; the ostiole is flat or depressed, never papillate. 
The spermatia are acicular, about ath long. Associated with the sperma- 
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tiferous sterigmata, occur the elongated, branching ones, ey so frequently 
described. 

Specimen 22 —Var. sii Falkland Islands, Antarctic Expedition, 
1839-43, Dr Hooker. The lacinize are longish and narrow, convex above; concave 
under surface of a pitchy black colour. The spermogones are as in No. 21. 

Specimen 23.—Var. enteromorpha, West Coast of North America; coll. A. Men- 
zies, 1787; in Herb. Menzies, Royal Botanic Garden, Edinburgh. The ends of 
the lacinize, which otherwise resemble those described in No. 22, are bullose or in- 
flated; on these bullose extremities the apothecia are seated. The spermogones 
are abundant, and as in No. 21. In American specimens they sometimes become 
papillzeform, but more usually they are punctiform. Spermogones are also plen- 
tiful in specimens from the North- West Coast of America, Doveias; Russian 


America; the Oregon River, Scouter ; and Monterrey, — 
in Herb. Hooker, Kew. 


SPECIES 12. P. encausta, Ach., 


Which is more or less abundant in various alpine parts of Europe. As-I have 
already stated, I regard it simply as a variety—an alpine spermogoniferous one— 
of the preceding species. The spermogones are generally much more profusely 
scattered and easily seen than in P. physodes; they are larger, and cover over _ 
the whole surface of the laciniz and thallus. They are wholly immersed, their 
form subspherical, their cavity simple, their thickish envelope at first grayish, but — 
becoming black. The spermatia, sterigmata, and ramose filaments of the spermo- 


-gones are precisely as in P. physodes. The thallus, however, is much thicker, 


generally coriaceous ; the lacinise very narrow, and convex on their upper surface. 
Specimen 1.—Var. stygioides ; summit of Cairngorm, Braemar, August 1856, — 
W.L. L. The thallus is centrally of a brown tinge, and pale or whitish only at the 
periphery. From its great general resemblance to P. stygia, with which it is very 
apt to be confounded, I propose designating this plant, provisionally at least, var. 
styyioides. The spermogones are very distinct on the laciniz, as small black cones — 
or papillae. I have gathered similar specimens, but in very small quantity, on 
Morchone, Braemar ; in considerable abundance, however, on the summit of Ben 
Nevis. The laciniz are frequently sub-articulated ; the spermogones are sometimes 


_ large and irregular, with ostioles which are patent and easily seen. Sometimes the 


segments of the thallus are lobes instead of lacinize, broadening at their periphery or 


— ends, and dotted over with punctiform spermogones, as in the ordinary form of 


P. physodes. These are evidently transition forms into P. physodes, and furnish 
strong reasons for associating P. encausta with P. physodes. In Cairngorm speci- 
mens, the spermogones are very easily recognised, when the thallus is greenish or . 
pale. In the young state they are papillar; in the old, the ostiole is prominent, 
large, and roundish, sometimes surrounded by a turgid, black, ring-like border ; 
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at other times they are depressed or flattened. The lacinize are sometimes profusely 
covered with black holes or perforations, which are the ostioles in question; this 
is the source or cause of their frequently pitted character. The spermogonal 
envelope is of a deep-brown colour, and consists of a tissue made up of small but 
well-defined roundish cellules. The spermatia are rod-shaped, about ath long, 
borne on the apices and sides of very ramose, delicate, articulated sterigmata. 
Associated with the latter are numerous elongated branching filaments, with bulg- 
ing extremities, which project into and fill up the cavity of the spermogone. In 
the Morchone specimens, which occur on quartz rock and gneiss, the spermo-. 
gones are mostly old, with large ostioles, which give the thallus the appearance 
of being jagged all over with large black foramina. 

Specimen 2.—Scu&RER exs. 368 (sub Parmelia n. multipuncta) ; 
on granitic rocks in the Alps; on the lower specimen in my copy (ed. alt. immut. 
1840) the upper one being certainly referrible to P. sawatilis, the furfuraceous 
form of thallus. The spermogones are abundantly scattered over all the lacinize as 
minute black papillee. The spermatia are acicular, about jth to sath long. 
The sterigmata consist of articulations, joined at very irregular angles; with the — 
spermatia attached, they measure in length to very erroneously 
describes the spermatia of P. encausta as ellipsoid. I have never seen them other- 
wise than acicular, and as in P. physodes. 
Specimen 3.—Hepp. exs. 52 (sub Lmbricaria var. Ach.); 
on granitic rocks, St Moritz, Switzerland. The thallus is very beautifully studded 
over with the spermogones, which are chiefly old, containing no free spermatia. 
They occur partly as largish, distinct cones, partly as black perforations, which 
are the old ostioles. In a specimen in Hepp.’s exs. 40, occurring on moss at St 
Moritz, associated with Lecidea disciformis, var. muscorum, the thallus is as plen-— 
tifully covered with spermogones, which, however, are mostly young; the sper- 
matia and sterigmata are as in No. 2. 

Specimen 4.—On rocks, Bructeri, Hartz district, divien, Hamre exs. No. 2 
_ (sub P. physodes, B. encausta, Fr.), 1846; tops of the mountains near Kongsvold, 


_. Dovrefjeld, Norway, SomMeRFELDT, Un. Itin., 1828; Alps of Dalecarlia, Sweden, 
Dr Swartz, 1809; Riesengebirge, Dr C. Lupwic, 1814; Hartz Mountains, Mour, 


1802; Grimsel, Switzerland, Sco2RER, 1815 ;—all in Herb. Hooker, Kew. Also 
from the Glaciers of Savoy, SmirH; in Herb. Menzies, Royal Botanic Garden, 


Edinburgh. In all these specimens spermogones, having the characters described 
in No. 2, are abundant. 


SPECIES 13. P. Scherer, 


Which occurs in Enrope, Ameriea, Asia, and Australia, and which is cas ee? 
P. diatrypa. 1 also refer this plant as a variety to P. physodes. It differs in 


_ Rowise from that species, except in regard to the ends of the lacinise being occa- 
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sionally perforated by an irregular hole or fissure. This erosion or perforation is 
analogous to what occurs in Umbilicaria erosa, and other lichens. Either apothecia 
or thallus may be erose or perforated ; but such erosion is accidental—not pecu- 
liar to any one species or variety—and does not therefore furnish a good dis- 
tinctive character. The thece and spores of P. pertusa are generally larger than 
those of P. physodes; but there are few species in which the thecee and spores are 
uniformly of the same size. They usually vary more or less in different specimens 
of the same species from different localities. The spermogones of P. pertusa are — 

identical with those of P. — but they are less common and less plentiful. 


14. P. cincinnata, Ach. 


Specimen 1.—Staten Land, Cape Horn; in Herb. Hooker, Kew; also collected 
_ by A. Menzies, 1787, in Herb. Menzies, Royal Botanic Garden, Edinburgh. _ If this 
_ plant is not a form of P. physodes, which I am inclined to regard it, it is at least 
very closely allied. The lacinize are bullose at their extremities in both sets of 
_ specimens ; in MENziEs’s, occasionally pertuse. In both cases the spermogones are 
abundantly scattered over the ends of the laciniz, as black or brown, punctiform, 
immersed bodies. The spermatia are acicular, about jth long, and 4;ith broad. — 
The sterigmata consist of a few delicate n dacatesues articulations or cells, as in 
P. physodes. | 

Species 15, P. placorodia, | 

Specimen 1.—On the trunks of trees, Troy, U. S., America; in Herb. Hooker, 
- Kew. The plant greatly resembles P. tiliacea. The spermogones are scattered 
_ generally in round, closely aggregated groups, about the ends of the laciniw, as 
black, immersed, punctiform bodies. The spermatia are acicular, about ;;;th long, 
and g;toth broad, on sterigmata about jth lone, which consist of several articu- 

lations, as in P. tiliacea. 


Species 16. P. Ach., 


- Which occurs in 1 Europe, Africa, America, and Asia. There is one very well-marked 
variety, omphalodes, Ach., Fr., which occurs in Europe and Asia—the Parmelia 
-omphalodes of the earlier lichenologists. It has no claim, however, to rank as a 
separate species; the gradations between it and the type are easily studied. Its 
apothecia and spermogones alike are those of P. sazatilis. The spermogones are 
generally very minute, black, punctiform, wholly immersed bodies, scattered 
over the ends of the laciniz, always on smooth ones, seldom or never on fur- 
furaceous ones ; or, if they occur on the latter, they are so minute and inconspi- 
cuous that they are overlooked. . The ostiole is flat or depressed, seldom papilli- 
form. Normally it is round, and exceedingly minute; but with age it becomes 
_ triangular or stellate-fissured, with turgid, prominent borders or not. The ends 
of the laciniz, especially in var. omphalodes, are frequently studded over with 
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irregular, stellate-fissured perforations, which are the ostioles of old spermogones. 
The spermatia are rod-shaped or acicular, about zath to ath long, and saath © 
broad. The sterigmata are about <:th to sth long, and consist of three to six — 
delicate, cylindrical articulations, which are sometimes very irregular in form ; 
their breadth is frequently 5 amth to ooth. As in P. physodes in all its forms and 
varieties, along with the spermatiferous sterigmata occur numerous elongated, 

— ramose, delicate filaments, that project into and fill up the cavity of the spermo- 
gone, which issimple. Occasionally the spermatiferous sterigmata would appear 
to become elongated and hypertrophied, and to anastomose. In one specimen from 
Connemara, pycnides occur interspersed among the spermogones, of which they — 
have all the external aspect, and from which, outwardly, they cannot be distin- 
_ guished. The stylospores are very irregular in form,—spherical, oval, or pyriform _ 
chiefly,—sometimes curved, about sth long, and g@th broad, on short, simple, 

linear sterigmata. Pycnides, associated with the ordinary spermogones of the. 
plant, and having almost the same characters as those now described, occur in a 

specimen of P. sinuosa, from Dunkerron (vide page 216). It is curious that both — 
the Parmelias in which these pycnides occur are Jrish specimens! KérBER 
appears to me to err greatly where he describes the spermatia of P. sazatilis as 
almost spherical “ kugligen spermatien.” Ihave never seen them on than 
‘straight and linear, of great tenuity throughout. } 

Specimen 1.—Form furfuracea. It is almost uniformly on this state or form 
of P. sazatilis that spermogones occur; but generally only where the ends of the | 
_ lacinize are smooth and free of furfuraceous or isidioid growths. Blaeberry Hill, 

Perth, April 1856, W. L. L. Most of the lacinize are broad or lobate, with rounded 
margins ; these larinize are found especially at the periphery of the plant. More 
centrally the lacinize are narrower, with retuse or truncate ends. It is on the ~ 
latter, and not the former, that spermogones occur. ' 

_ Specimen 2—Birnam Hill, Dunkeld, 1856 ; with ‘anced W. L. L. Some 
of the lacinize are studded over with black stellate-fissured perforations, which 
are the ostioles of old spermogones. Craig-y-Barns, Dunkeld, April 1856, 
W.L.L.; with apothecia. The general surface of the plant is furfuraceous; but some 
of the lacinize have smooth, glaucous ends, on which occur a few large, degenerate, 
maculiform spermogones. Craig Vinean, Dunkeld, May 1856, W. L. L. Some of 
the lacinize are very narrow, and all are of a bluish-gray colour, and smooth to- 
wards the ends. Old wall, Amulree Road, Dunkeld, June 1856, W. L. L.; with 
apothecia. The laciniz are narrow, and the punctiform black epertogynice are 
sparingly scattered in groups at their extremities. 

Specimen 3.—Hills above Abernethy and Newburgh, May 1856, W. L. L.; with 
_apothecia. Here the spermogones, which have mostly depressed ostioles, are 
scattered among the isidioid growths which cover the thallus. | 
Specimen 4.—On roadside walls, Linn of Dee Road, Braemar, August 1856, 
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W.L.L.; furfuraceous form, with narrow lacinix. The sterile, elongated, ramose 
filaments are here abundant in the spermogones; they usually have a distinctly 
bulging apex, and are frequently distinctly septate, like the paraphyses. 

Specimen 5.—Storr Rock, Skye, August 1856, W. L. L.; with apothecia. The 
-spermogones are here very distinct and characteristic ; they are of a deep-brown 
colour, rather than black, however. © 

Specimen 6.—On roadside walls, between Percy and the Spittal of Glenshee, 
Perthshire, August 1856, W. L. L. The spermogones are mostly old; in their in- 
terior, nothing is to be seen but the ramose, elongated filaments already described, 
which frequently assume a pale-brown colour at their tips; they are also distinctly 
septate. 

Specimen 7. —On rocks, near Ayton, Cleveland, Veekshies 1856, Munn ; fur- 
furaceous form. ‘The spermogones are abundantly scattered among the isidioid 
growths, which cover the ends of the lacinize. | 

Specimen 8.—Croa.u’s Plants of Braemar, No. 389; on stones, common ; July 
1855. Furfuraceous form ; apothecia plentiful. Dotted over the smooth, shining, 
light-gray ends of the ietides are numerous punctiform spermogones,—se minute 
that they can with difficulty be seen even under the lens,—whose ostioles are 
_ sometimes slightly depressed, though generally fiat. 

Specimen 9.—Connemara, Ireland, D. Moore; in Herb. Carroll; apparently 
erowing on the ground; no apothecia. Spermogones occur only on one specimen ; 
_ they are mostly degenerate. The ostiole is seldom quite round, generally less or 
more irregular in outline, and frequently surrounded by a sort of raised, thalline, 
ring-like border. Intermixed, and scarcely distinguishable from these spermo- 
gones except by their slightly greater size, are black punctiform pycnides. The 
stylospores are very irregular in shape, though mostly spherical, oval, or pyriform, - 
and frequently curved ; ‘the sterigmata are short, simple, linear bodies. Pycnides 
having a similar site and external characters occur associated with the ordinary 
spermogones in a specimen of /. sin«osa from Dunkerron, Ireland. I find no 
spermogones on specimens from Tasmania, Dr Hooxer ; Quebec, SHEPHERD ; and 
B. de Bigorre, Pyrenees, Spruce ;—all in Herb. Hooker. | 

Specimen 19.—Var. sulcata. The Parmelia sulcata, Taylor, “F1. Hib.” 145, seems 
to me undoubtedly referrible to P. sazatilis, and I therefore place it here as a 
_ variety, though I do not regard it even as a well-marked variety. It is merely a 
form of what is called var. leucochroa by WaLLRoTH, SCHARER, and others of the - 
earlier lichenologists, a variety distinguished by large lobes, smooth and white, and 
marked on the upper surface by distinct sulci or lacunse. It is common in Britain 
on trees ; seldom or never on rocks or stones. Van Dieman’s Land, Gunw; in Herb. 
Hooker, Kew. The spermogones are precisely those of P. saxatilis. Here they 
are few and large, scattered about the ends of the laciniae—the ostiole being some- 
- times depressed, sometimes surrounded by a black ring or seated in the centre 
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of a macula, or perhaps papillate. The spermatia are acicular, about ;,<th long, 
and ;iath broad. The sterigmata are about jath to jth long, and consist of a 
few linear articulations. 

Specimen 11.—Var. panniformis, Scheer. ; on alpine rocks, Switzerland ; in a Herb, : 
Hooker, Kew. There are a few scattered spermogones, of the character of those of 
the type; but they are old, and contain only sterile, branching, delicate filaments. — 

Specimen 12.—Var. omphalodes ; hills above Abernethy, 1856, W. L. L.; with 
apothecia. Some of the spermogones are distinctly papillaform, and Laie but 
they occur chiefly in the old state as ostioles,—triangular or stellate-fissured, large 
and black, with a turgid black edge,—studded over the ends of the lacinixw. Asa 
general rule, the spermogoues are larger in this variety than in the type, and the 
large gaping ostioles of the old spermogones are particularly conspicuous. 

Specimen 13.—Var. omphalodes ; hills above Loch Freuchie, Amulree, May 1856, 
W. L. L.; with apothecia. The ends of the dark laciniz appear as if perforated 
_ with a series of black holes, which are sometimes round, more frequently stellate- _ 
_ fissured, even saucer-shaped. These are the ostioles of old spermogones, which 
_ are sometimes, moreover, confluent, or are united to each other by black, radi- 
ating fissures. 3 

Specimen 14.—Var. omphalodes ; Birnam Hill, Dunkeld; on mica slate and 
gneiss; July 1855, W. L. L. ; with apothecia. The old ostioles are so abundant 
here as to give the lacinize the appearance of having been profusely pricked by 
needle-points. They are as irregular as those described in No. 13. They some- 
times have a black prominent border ; are sometimes flat, and at other times de-- 
pressed. There are also a few young and mature spermogones, containing sper- 
_matia and sterigmata of the characters of the type. Craig Vinean, Dunkeld, May 
1856, W. L. L. Here also the spermogones are chiefly old, the ostiole being 
Sometimes seated in a papillar elevation of the thallus. | : 
Specimen 15.—Croau’s Plants of Braemar, No. 390, common, July 1855. 
The dark, bronze-coloured lacinise are covered by a peculiar bluish-gray pruina 
or bloom, through which the spermogones appear as minute points or papill. 
Clova, Forfarshire, CroaLL, July 1853 ; with apothecia. The ends of the smaller 
lacinize are jagged over with the depressed, patent ostioles of old 
spermogones. 

Specimen 16. iain County Donegal, Professor Dickie, August 1851. The 
lacinize are narrow, and many of them are covered with a pruina or bloom of a pecu- 
liar bluish-gray tint, as in No. 15; this gives the plant much the aspect of Physcia 
pulcerulenta. In respect to colour, this plant is intermediate between the type 
and var. omphalodes. There are no apothecia;‘but spermogones are plentiful. 
They are chiefly old, with gaping ostioles, and are distinct under the lens. The 
Sspermatia are acicular, about , wath long, and sth broad. The sterigmata 
-Imeasure about th to i in and woth, to in breadth ; they con- 
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sist generally of five or six articulations, normally cylindrical, but frequently very — 
irregular inoutline. They are, moreover, joined or superimposed at very irregular 
angles. Sometimes apparently they become elongated, by the superposition of 
additional articulations or cells, and they anastomose with each other, forming a 
network, projecting beyond the mass of the sterigmata into the cavity of the sper- 
mogone. They continue, however, in this state to bear spermatia, which are de- 
veloped from the apices of the component articulations. The cavity of the sper- 
mogone is further occupied by a network of very delicate, anastemosing filaments, 
of nearly equal width throughout, very ramose, generally septate, and never bear- 
ing spermatia. These are the filaments which so commonly occur in the sper- 
mogones of P. saxatilis, P: physodes, P. perforata, and other Parmelias, and which 
are particularly constant in the two species first mentioned. 
Specimen 17.—LeE1cuton’s exs. 7; Barmouth, Merionethshire ; with apothecia. 
The lacinize are broad, and exhibit the large gaping ostioles of the old spermo- 
gones to great advantage; these ostioles have usually a black, hard border. 
Specimen 18.—HeEpp. exs. 116; associated with Umbilicaria hyperborea; on 
| - granitic rocks, St Moritz, Switzerland; noapothecia. Here also the spermogones 
ord | are chiefly old, the ostioles having a black, raised, ring-like border. The ramose, 
| elongated, sterile filaments abound in the interior of the spermogones. 
Specimen 19.—Lachen, Sikkim, Himalaya, alpine region, at an elevation of 
13,000 feet ; coll. Dr Hooker; in Herb. Hooker, Kew. The thallus is dark-brown, 
and of the omphalodes type; the spermogones are very abundant and large. 


Species 17. P. Borreri, Ach. 


Which occurs in Europe, Africa, America, and Asia. Iam in doubt as to whether | 
_ this should be separated as a species from P. tiliacea. The apothecia and sper- 
-mogones are essentially those of the species just named. I cannot help regarding - 
it as a merely sorediiferous form of P. tiliacea.. This is the result of the exami- 
nation of a large suite of specimens from every part of the world, contained in 
oe os _ the Hookerian Herbarium at Kew, including specimens from Sussex, Ireland, the 
: Pyrenees, Switzerland, Portugal, Teneriffe, South Africa, Chili, Ohio, India, Spitz- — 
bergen, and the Arctic Regions. The spermogones are minute, black, punctiform, 
immersed bodies, generally scattered about the margins of the lobes, but fre- 
quently also arranged or distributed more centrally. The ostiole is sometimes 
- depressed, generally flat, but occasionally perched on papillar elevations of the 
thallus, or surrounded by a ring of the thallus, which gives the spermogones a 
pseudo-papillar aspect.’ Sometimes the thallus is very rugose, and much warted 
over; in such cases, the spermogones are dotted over these thalline warts or rugo- 
sities, as in a specimen from Barmouth, coll. SaLwey, in Herb. Hooker, Kew. 
Specimen 1.—On trees, Paul, Penzance, Cornwall; coll. Dr Barcuay Mont-— 
GOMERY, Sept. 1856; with apothecia. The thallus is abundantly sorediiferous; 
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its whole surface more or less mealy. The spermogones are scattered chiefly peri- 
pherally ; in some the ostiole is depressed, in others it is girt by a slight ring of 
the thallus, giving it a pseudo-papillate aspect. 

Specimen 2.—On the bark of trees, Riverstown, Cork; coll. Carrot. On one 
specimen there are a few old spermogones, dotted about the margin of the lobes 
of the thallus; some of them appear seated on a flattened thalline _ others 
are girt by a thalline ring, as in No. 1. 

Specimen 3.—LEIGHTON exs. 231 (Eng. Bot. t. 1780) ; Twyetien ‘Leicester- 
shire; no apothecia. The thallus is abundantly sorediiferous. The spermogones 
are peripheral in regard to distribution; the spermatia are short and acicular, on | 
articulated, ramose, delicate sterigmata, as in P. tiliacea. | 

Specimen 4.—ScH#ReER exs. 361 (sub Parmelia dubia); on trunks of trees and 
palings, Switzerland. A few spermogones are dotted over the margins . the lobes. 
bat they are old, and contain no free cS | 


SPECIES 18. P. conspersa, Ach. | 


A cosmopolite. There are two chief forms of the plant: : one with narrow, linear 
convex lacinize, the var. stenophylla, or minor, of some authors; and the other, 
with broad, round lobes, flattened, and resembling occasionally P. caperata, usually 
described as var. major. Ina very large suite of specimens I have examined, from 
every part of the world, in the Hookerian Herbarium, Kew, I have rarely found 
spermogones absent. Moreover, they generally occur in great plenty scattered 
over the whole surface of the lacinize, or thallus. So much so is this the case, 
that the name of the plant may be supposed to have been bestowed in allusion to 
the great profusion of the spermogones. They are usually minute, black, puncti- 
_ form, immersed bodies, with an imperceptible ostiole. But, with age, the latter 
expands and becomes patent, having either a round, triangular, or stellate-fissured 
shape, as is the case in P. sazatilis and P.~hysodes. Hence, the plant is frequently 
studded over with a profusion of black, lacerate perforations, which are the ostioles 
of old spermogones. It frequently happens that the apothecia of this species are 
degenerate or abortive; the disk falls out, and a cup-shaped cavity remains, of the 
same colour as the exciple and the thallus. The exciple, at the same time, gene- 
rally becomes corrugated, and the whole organ assumes a coarse, warted appear- _ 
ance. On these apothecia, disk and exciple alike, the spermogones are frequently 
studded as plentifully as on the thallus, giving them a peculiar black-punctate 
_ character. K6rer apparently implies that the apothecium becomes barren and 
degenerate as a consequence of the spermogones taking possession of it as a site. 
But I see no evidence for regarding the phenomenon either as a propter hoc, or a 
post hoc. Yt rather appears to me that, the apothecia being degenerate from other 
causes, the spermogones are developed upon them. Were we theorizing, on physio- 
logical and analogical grounds we might suppose that the spermogones should be 
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first developed, and subsequently the apothecia. But this would not appear to 
be the case here at least. The cavity of the spermogone is simple; its internal 
tissue gray. The spermatia are acicular, varying in size usually from ath to 2.th,. 
with a breadth of 5;,o0th. The sterigmata consist of three to six delicate, cylin- 
drical articulations or cells, and measure in length about jth to ath. Both 
spermatia and sterigmata resemble those already described as occurring in P. saxa- 
tilis and P. physodes. 

Specimen 1.—On old walls about Moffat, Dumfriesshire, August 1851; 
W.L.L. The apothecia are more abundant and beautiful in Moffat specimens 
than in any others I ever collected. The spermogones are plentiful on the con- _ 
Co and towards the ends, of the laciniz. ‘he spermatia are about saath to | 

1th long. The sterigmata are ramose, and —— of a few long, delicate 
cylindrical articulations. 
Specimen 2.—Var. minor ; Glen Clova, Forbiahivw: coll. CROALL, July 1853; 
on stones. Here, also, the spermogones are most plentiful about the ends of the 
lacinixe, as very minute brown or black flat points. potas 6 are less abundant 
and Jarge than in No. 1. 

Specimen 3.—LeEieutT. exs. 79, var. stenophylla, Scherer ; on stones, Bardon 
Hill, Leicestershire ; a form with narrow, linear, convex laciniz. On the right- 
hand specimen in my copy the spermogones are very large and abundant on the 
convexities of the thalline lacinia, as prominent, black cones—‘requently flat- 
tened. The spermatia and sterigmata are as above described. oo 

Specimen 4.—Glenesk, Forfarshire; on old walls, at the foot of the glen; small- 
lobed form. Quebec, SHEPHERD; both in Herb. Hooker, Kew. The latter has 
large distinct spermogones. A specimen in the Herbarium of the Botanical 
Society of Edinburgh, with apothecia—no habitat given—has a thallus black-pune- 
tate. over its whole surface from the profusion of spermogones. Back River 
Gully, Tasmania, on rotten wood ; coll. by OLDFIELD; in Herb. Hooker; is a large- 
lobed form, resembling P. caperata, with a few large, scattered spermogones. _ 

Specimen 5.—ScuzZRER exs. 379 (sub P. centrifuga a. conspersa); on micaceous 
stones, Switzerland. Spermogones abound, in every stage of their development; 
sometimes punctiform, sometimes maculiform, always thickly aggregated, fre- 
ouney with black, stellate-fissured ostioles. The spermatia are acicular, and 
about jth long. The sterigmata, with the spermatia’ attached, measure about 
cath ath long. 

_ Specimen 6.—HeEpp. exs. 37; on the same ’ piece of stone with Lecidea atro-alba 
8, vera. Neeg. There are only a few fragments of P. conspersa, which are studded 
over with the apothecia of Lecidea oryspora, Tul. These are round, discoid, 
largish, black, and immersed; the thecze are 8-spored, easily found, and strike 

a blue colour with solutions of iodine. These apothecia cannot be confounded 
with the spermogones of P. conspersa ; but the spermogones of L. oryspora 
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might with those of P. conspersa. The spermogones of L. oryspora, however, — 
will always be found intermixed with its apothecia, and these generally occur on 
deformed bullose or wart-like portions of the thallus of P. conspersa, somewhat 
resembling those of P. saxatilis, P. olivacea, Platysma glaucum, and other lichens 
on which the same Lecidea is sometimes parasitic. In this individual specimen 
I do not find the spermogones of L. oryspora ; but they will be found described 
in my “ Monograph of the Genus Abrothallus.” The spermatia are like those of 
P. conspersa ; but the sterigmata differ, in being simple and non-articulated. 
Specimen 7.—Var. leonora (sub Parmelia leonora, Spr.; P. conspersa, var. 
multifida, Flot.) ; near Constantia, Northern Africa. Dr nhraup; in Herb. Hooker, 
Kew. The thallus has narrow linear lacinize, sub-convex above, and distinctly 
dotted over with the black ostioles of immersed spermogones, which are frequently 
depressed, frequently surrounded by a black ring, or seated in the centre of a 
black macula. The spermatia and sterigmata are precisely as in our British 
P. conspersa. | 
Specimen 8.—P. Tasmanica, Tayl, if it is not referrible here as a variety, is a 
closely allied species. Van Dieman’s Land, Gunn; in Herb. Hooker, Kew. Inre- 
gard to the size of its lobes, it is intermediate between the ordinary forms of P. con- 
 spersa and P. caperata. Its spores are oval and simple, like those of P.conspersa. — 
The spermogones are confined to the margins of the lobes; they are black, puncti- 
form, and grouped. The older ones have very irregular, often stellate-fissured 
- ostioles; the spermatia are acicular, about th long; the sterigmata quite as 
in P. conspersa. Some specimens of this supposed species seem to me, also, pro- 
bably referrible to P. sinwosa. The character of the thallus and the site of the - 
_ Spermogones approximate it, in some cases, more to P. sinuosa than to P. con- 
sersa. 
Specimen 9.—P. cribellata, Tayl, is also a closely allied species to, if it is not 
_a variety of, P. conspersa. West Coast of America; in Herb. Hooker, Kew. The — 
spermogones are punctiform and abundant about the ends of the lobes; they are 
usually larger and more distinct than those of P. conspersa. Frequently they 
are minute black papillz, rough on their outer surface. The spermatia and — 
_ sterigmata are the same, in regard to size. and other characters, as those of — 
P. conspersa. 


SPECIES P. Ach., 


| Which occurs in the northern parts of both Europe and America. On the Nor- 
wegian Alps, I have gathered it in great abundance and great beauty. I do not 
regard it as a separate species, but refer it, scarcely even as a well-marked 
variety, to P. conspersa. 

Specimen 1.—FRANKLIN’s First Journey ; in Herb. Hooker, Kew. The thallus — 


is of a lighter yellow than P. conspersa usually possesses ; the laciniz are narrow 
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matia of this species as globular or roundish. I have never seen them otherwise — 
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and convex, and dotted over abundantly with spermogones, like those of P. con- 
spersa. A morsel collected in Frank.in’s First Voyage, also in Herb. Hooker, is 
marked by NyLanper as the true P. centrifuga ; it has neither apothecia nor sper- 
mogones, but the thallus is that of P. conspersa. 

Specimen 2.—Specimens from Acuarius, 1805, andfrom Mr Upsal, 
1803, in Herb. Hooker, Kew, NyLanper also labels as the true centrifuga. 
They are quite the Norwegian plant collected by myself; and the apothecia and 
spermogones alike are those of P. conspersa. A specimen from near Edinburgh, 
in Herb. Menzies, Royal Botanic Garden, Edinburgh, is a ne form of 
P. conspersa, with sparingly distributed. 


SprctEs 20. P. incurva, Fr., | 
Which occurs in Europe and North America, appears to me to bear the same 


relation to P. conspersa that P. stygia does to P. Fahlunensis. The laciniv are 


narrow, convex—sometimes sub-articulate and dotted over with spermogones, 
which are essentially those of P. conspersa. This plant is the Lichen incurcus, 
Ach.; Lichen multifidus, Dicks. ; and P. recurva, Ach. 

_ Specimen 1.—Mr. Ronson—from England, probably; Borrer, 1809—from 
Scotland, probably; and Dr. C. Lupwic, 1814, Riesengebirge; all in Herb. 
Hooker, Kew. In all cases the spermogones, as well as the thallus and apothecia, 
where the latter occur, seem to refer the plant to P. conspersa. eo 


SPECIES 21. P. acetabulum, Dub., 
A native of Europe, Africa, and North America. It includes, I think, P. corru- 


gata, Ach., scarcely as a variety (Lichen corrugatus, Smith). In regard to the 


site and character of its spermogones, it closely resembles P. tiliacea. They are 
scattered about the margins of the lobes as small black papille, more or less 


obtuse or flattened on the summit. They are wholly immersed ; in depth they . 
extend through the whole thickness of the thallus; their form is oval, spherical, 


or irregular. The envelope i is horny in consistence, and its structure resembles 
that of the cortical layer of the thallus; the ostiole is usually so minute as to be 


imperceptible. The spermatia are acicular—from to long, with a 
breadth of about th. The sterigmata oo of 3 or 4 cylindrical or irregular 


articulations, and vary in length from <th to ;j,th. This species is comparatively 
abundant in certain continentai countries—e.g. in France; and from the abundance 
and conspicuous character of its spermogones, it is a good species in which to 
examine these organs. WALLROTH appears to have been familiar with its spermo- 


gones, which he described as his Spharia epiblastematica. MASSALONGHO, accord-— 


ing to Korser, has described—very erroneously, as it appears to me—the sper- 


than straight and linear. 
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Specimen exs. 547; on the trunks of trees ; Switzerland. Sper- 
mogones are abundantly studded over the margins of the lobes; they are black 
or deep-brown punctiform or papilleeform bodies—in the latter case, flattened or 
depressed on the apex. The envelope is of a pale-brown cellular tissue. The 
spermatia are about long; the sterigmata, to long. Associated 
with the ordinary or spermatiferous sterigmata, occur numerous long, branching, 
delicate filaments, projecting into and occupying the cavity of the spermogone, 
as in P. physodes, P. saxatilis, &c.; they have a breadth of about ;4,th to ,4 th. 

Specimen 2.—(Sub P. corrugata, Ach.); no habitat given; in Herb. Hooker, 
Kew. Apothecia are large and plentiful. The spermogones are also plentiful . 
about the margin of the lobes, as brown punctiform bodies, closely aggregated, 
~ gometimes sub-confluent—frequently surrounded by a brown ring, or seated in 
the centre of a roundish macula. The spermatia are about ,1,th long, and sooth 
broad ; the sterigmata are about ;,,th long. 


beanies 22, P. Hottentotta, Ach., 


As its name would imply, an African species (syn. P. reticulata, Nees: Sticta 
Hottentotta, Ach.; Omphalodes Hottentotta, Flot.) The spermogones are frequently 
very large and distinct, crowded about the periphery of the thallus. NyYLANDER — 
refers this plant to the P. acetabulum group; but the general aspect of the plant, 
as well as its apothecia and spermogones, would lead me to — it under 
P. saxatilis. 
Specimen 1.—Cape of Good Hope; ; in itenli Hooker, Kew. The spermogones, — 
in site, external characters and internal structure, are those of P. sazatilis. The | 
‘spermatia are acicular, about ;1,th long, and 4th broad. The sterigmata are 
about ,,,th long, aud consist of a few delicate linear articulations. 


Species 23. P. olivacea, Ach., 


Which is found in Europe, Africa, America, Asia, and Australia. : 

Specimen 1.—-Var. exasperata, Ach. (syn. Imbricaria aspera, Mass. Korb. 
_ %8.); on birch and other trees, foot of Morchone, Braemar, August 1856, W. L. L. 
Almost the whole surface of the thallus is isidiiferous, or covered over with very 
minute cone-shaped or columnar warts—as occurs in P. saxatilis or Evernia fur- 
furacea. This form of P. olivacea bears the same relation to the type that the 
var. furfuracea of P. saxatilis does to its type. It is an unnecessary refinement to 
constitute this into a distinct variety, and still more into a distinct species. The 
sperinogones must be looked for on the smooth ends of the peripheral lacinize. So 
difficultly recognizable are they, that it will be necessary to moisten the thallus 
before they can be seen even under the lens. They will then become apparent. 
as extremely minute black immersed points. They cannot be confounded with 
the isidioid warts of the thallus, which contain only gonidia and white medullary 
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towards the tips of the laciniz, as minute black papille. The older spermogones | 


tissue. The interior of the spermogone contains much mucilage. The spermatia 
are rod-shaped, thickish throughout, with obtuse ends—about ,4,th to ,1,th long. 
They are thrown off from the ends and sides of very irregular, ramose sterigmata, _ 
which consist of several linear, longish articulations—very beautiful and distinct, 

The cellular tissue, of which the spermogonal envelope is composed, is of a very 
pale brown. Apothecia are abundant. 

Specimen 2.—ScuZRER exs. 370 (sub a. corticola a. glabra) ; ; on trees in open 

places ; Switzerland. The spermogones occur, on the right-hand specimen in my 
copy, as deep olive-coloured or brown punctiform bodies,—wholly immersed,— 


_ scattered about the edges of the lobes. The thallus, as in the former case, and 


indeed in all cases, requires to oe moistened before the extremely indistinct sper- 
mogones can be seen. 


Specimen 3.—ScHARER exs. 372 (sub B. saxicola, a. glabra); on stones in 


alpine localities; Switzerland. The spermogones are here scattered over the sur- 


face of the thallus as minute black or brown bodies, sometimes punctiform, some- 


times papilleform. The spermatia are about sath to goth long, rod-shaped, 


studded on the apices and sides of articulated sterigmata. 
Specimen 4.—Var. aguiloides mihi. From Miss Hurcuins, 1810; no habitat 
given, but probably from Ireland; in Herb. Hooker, Kew; and also, from the 


‘same lady, in Herb. Carroll. The whole plant so closely resembles in general 


aspect Physcia aquila, that I propose designating it as var. aquiloides. It is — 
generally only distinguishable by its apothecia and spores, which are those of 


_ P. olivacea, simple, oval, and colourless; those of P. aquila being brown and 1-sep- 
— tate. The lacinize are pale, narrow, and convex, studded over with minute papil- 
leform spermogones, those of P. aquila, old, and containing no 


free spermatia. 


Species 24. P. Ach., 


A alive of Europe and Northern America. 
Specimen 1.—Summit of Ben Nevis, August 1856, W.L.L. The plant j is abun- 


dant in this locality, bearing fine apothecia. The lacinie are narrow, convex,and 


pitchy-black ; they are covered over with black minute papillae or perforations, 
the latter having generally a sub-prominent black edge. These papillae mark 
young spermogones with imperceptible ostioles; the perforations are the patent 
ostioles of old spermogones, generally very indistinct on the dark-coloured thallus. 
The peripheral lacinise: are sometimes pale; in which event the plant has a close 


~ resemblance to var. meee of P. encausta, as it occurs on the summit of Cairn- 


gorm. 
Specimen 2 theme of Morchone, Braemar, August 1856, W. L. L.; with 
apothecia. The spermogones are scattered abundantly over the convexities, and 
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are marked by large, gaping ostioles, usually more or less round in outline, hay- | 
ing black, turgid, ring-like borders. The spermatia are rod-shaped, about sth 
long, seated on the apices and sides of very irregular, delicate sterigmata, the 

articulations of which are short, roundish cells. Associated with the sterigmata 
~ are numerous elongated branching filaments, also articulated or septate, which | 
project into and occupy the cavity of the spermogone, as in P. physodes, P. sazxa- 
tilts, &e. 

Specimen 3.—SCHARER eXxs. 2 255 (sub Cetraria sayy, a. latior) ; with apothecia : | 
on stones in the higher Alps, Switzerland. The lacinize are studded over with 
minute perforations, which are the ostioles of old containing no free | 
spermatia. 


Species 25. P. Fahlunensis, Ach., 
A native of the alpine or frigid portions of Europe, America, and Asia. In this 
and the following species the spermogones are marginal,—forming a sort of den- 
-ticulate fringe, as in Platysma. 

Specimen 1.—Summit of Cairngorm, August 1856, W. L.L. The spermogones 
abundantly fringe the crisped, curled margins of the flat, linear, pitchy-black 
laciniee, as deep-brown, minute, round warts. They resemble the spermogones of 
Platysma ciliare, but are generally not so closely aggregated. The spermatia are 
very minute, ellipsoid, about jth long, immersed in an abundant mucilage. The 
sterigmata are articulated, but very delicate and indistinct. 

_ Specimen 2.—On rocks, Carlowrie, 1843; coll. Garprner, of Dundee; in Herb. 
Royal Botanic Garden, Edinburgh. There are no apothecia; but the spermo- — 
gones are very abundant and distinct. They are barrel-shaped and black, fringing 
the margins of the laciniz like teeth, and precisely resembling the spermogones 
of P. ciliare. They are seated also frequently on the flat surface of the lacinize, 
near their ends, growing upwards at right angles to the thalline surface. 

Specimen 3.—ScHARER exs. 373 (sub a. tu/garis, a. major), and 374 (sub ss 
a. tulgaris, b. minor) ; on micaceous rocks in the Alps. The spermogones are 
_ precisely as in Nos. 1 and 2; the spermatia are OH -eaped and minute, and the 
sterigmata shortish and of a few articulations. 


‘SPECIES 26.° P. tristis, Web., 


A native of Europe and North America. As in the preceding species, ‘the sper- 
mogones occur only on the margins of the flat, linear, erect Jacinix. In the young 
state, they are inconspicuous small black cones or warts; in the old state, they — 
are much more easily recognised by the large, gaping ostioles with turgid, black — 
_ borders. The oldest spermogones are usually found lowest down on the thalline 
lacinie; hence the spermogones about the tips are generally papillaeform, young, 


and full of free spermatia, while those enous the base are perforate, empty, 
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and contain no spermatia at all. The —_— are rod-shaped, and about 
sooth to long. 

Specimen 1.—Hills above Loch Freuchie, Amulree, Perthshire, May 1856, 
W.L.L. The spermogones are abundant as small irregular warts, fringing the 
margins of the sub-compressed lacinix. They are generally of a deeper black 
colour than the lacinize, and have amore or less distinct and patent ostiole. They 
vary much in size ; sometimes they are confluent, and then become very irregular. 
They are generally arranged in a linear series along the edge of the laciniz, but 
sometimes they are clustered thickly about their ends. In some cases the apex 
_ of a lacinia consists of an irregular fusiform bulging or swelling, pierced by a 
number of minute perforations, irregularly distributed, and of a deeper black than 
the swellings in question, or than the general surface of the thallus. These per- 
forations are the ostioles of confluent and compound spermogones, and closely 
resemble what occurs normally and in New melaxanthus and 

Alectoria aylori. | 

Specimen 2.—Summit of Morchone, —" August 1856, W. L. L. The 
spermogores are as described in No. 1. The spermatia are rod-shaped, about 
~ 40th long, borne on the apices of sub-simple linear sterigmata, which are ramose 
atthe base. They are frequently sub-digitate, apparently given off as finger-like 
processes or elongations from basal tubes or cells. They are almost always _ 
delicate and indistinct. | 

Specimen 3.—Hills east of Sligachan, xye. August 1856, W. L. L. The 
spermogones are sparingly distributed; they are chiefly old, and are marked by 
large, gaping ostioles. 

Specimen 4.—High Mountains, County Kerry ; coll. TAyror ; ; in Herb. Hooker, 
Kew. There are spermogones, resembling those above described, but no apothecia. 

Specimen 5.—Scu&RER exs. 256 (sub Cetraria); on stones in the higher Alps; 
with apothecia. The spermogones are mostly old, containing no free spermatia ; 
they are black tubercles, scattered along the edges of the flattened linear lacinic, 
to which they give a minutely denticulate character. Most of them are — 
by a large, gaping ostiole. . 


GENUS IV. Puyscta, Fr. Nyl. 


I I do not think that Physcia should be separated from Parmelia, save as a 
section or sub-division. | Its spermogones are essentially the same, though there 
are several points of difference as well as resemblance. Their site is usually the 
same—they are more or less immersed—the spermatia are straight and linear, 
borne on articulated sterigmata. In Physcia, however, the spermogones are 
usually larger and more conspicuous than in Parmelia ; their colour is sometimes 
orange-red or yellow, as well as brown or black; the spermatia are mostly 
smaller, and the sterigmata longer and composed of more numerous and shorter ~ 
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articulations. In Physcia, the spermogones are more frequently papilleeform, or | 
~ tuberculiform, than in Parmelia. Sometimes they are very large and prominent, 
particularly when they become confluent, and assume the form of irregular 
tubercles, as in P. ciliaris. The diameter of the spermogone in this species is 
‘th; while in P. parietina it is about ten times less. The spermogones are largish, 
distinct, black cones in P. stellaris and other species with a grayish or whitish 
thallus. In other cases, they are brown. Sometimes they are covered with a 
white pruina, as in 2. pulverulenta. In P. parietina, flavicans, chrysophthalma, 
flammea, villosa, and other species, they are orange-coloured cones or warts, 
which become very conspicuous and beautiful where the plant has a grayish 
or whitish thallus, as in P. rillosa. In this species, also, they may be so large | 
as to be visible to the naked eye. The ostiole is usually very minute and 
round. Sometimes it becomes stellate-fissured with age, as in P. pulverulenta. 
Frequently, also, in the old state of the spermogone, it assumes the form of a large 
_ roundish perforation, with more or less distinct, turgid margins, as in P. aquila. 
If the body of the spermogone fall out in age, as is occasionally the case, the 
ostiole may expand still more, and become saucer-shaped, or like cyphellze, as in 
the same species. The diameter of the simple, round, imperceptible ostiole is fre- 
quently about sth to ath, as in P. parictina. The spermogonal envelope is formed 
of roundish or cubical cellules, more frequently brown than any other colour. The 
cavity of the spermogone is generally simple; but in several species, and particu- 
larly in the case of compound or confluent spermogones, it is divided into sinuosi- 
ties or compartments, as in P. ciliaris and P. villosa. The spermatia are gene- 
rally shorter than those of Parmelia; they are usually rod-shaped or acicular, 
sometimes sub-ellipsoid. They vary in length from smth to jmth, a large 
number being from to long. Their average breadth is to sath. 
The sterigmata seldom consist of only two or three articulations, as in Parmelia, — 
_ hor are these articulations often long linear cells. They are more usually longish, 
ramose or simple, composed of more than five or six short, roundish or cubical 
_cellules. These cellules have originally thin walls, which, however, become 
thickened by deposits in their interior. The arthro-sterigmata of Physcia, there- 
fore, somewhat resemble those of Sticta and Collema. Their length varies from 
sath to generally. 


SPECIES ciliaris, DC., 


A native of Europe, Africa, and North America. This species is of much historical 
importance and interest to the lichenologist, inasmuch as in it spermogones were 
first discovered and described by Irzicsoun, in Germany. It is, moreover, a 
common lichen, and a species abounding in large, well-marked spermogones, 
visible usually to the naked eye. They are obtuse, very prominent warts or 
tubercles, scattered on the convexities of the lacinixe; they are isolated or con-— 
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fluent—in the latter case becoming very irregular inform. Their colour is usually 
brown; that of the thallus varies between olive and gray. The spermogones are 


generally most conspicuous on the gray thallus, from the contrast of their deep 


olive-brown colour. The apex of the spermogone is usually brown, sometimes 
blackish, the ostiole being minute and very indistinctly marked. Sometimesit is — 
elongated or chink-like. The apices of confluent spermogones are generallystudded 


over with minute black or brown roundish ostioles. The interior tissue is grayish, 


and of a horny denseness; it is hence easily sectioned in thin lamine. The 
sterigmata are longish, and composed of short, roundish cellules; they are the 
* Minnliche Prosphysen” of the speculative Bayruorrer. So abundant and s0 
constant are the spermogones sometimes, as to give a character to the plant; 
hence spermogoniferous states have been. described as varieties by the earlier 3 
authors. Such is the var. melanostigma of Acharius. | 
Although it is only a few years ago since IrzicsouN pointed out the existence of 
what are now called ‘‘spermatia,” yet the spermogones above described have long 
been familiar to lichenologists. So long ago as 1741, DILLENIUs* drew attention 
to the brown tubercles oceurring on the thallus of P. ciliaris ; and Hepwia,t in 
1784, saw in the same bodies one of the forms of his supposed masculine organs © 


_ of reproduction in lichens. AcHarius regarded the same organs as secondary or 


accessory apothecia,—of inferior importance to the normal or usual ones,—which 


he called Cephalodia, and which he described as filled with gongyli. Nor did. 


Irz1GsOHN, so lately as 1850, correctly appreciate the character of the spermogones 
of P. ciliaris, or of their contents. He described the spermogones as antheridia, 
and the spermatia as spermatozoids, similar to those of Marchantia and Poly- 


_trichum, possessing true animalcular movements. Irom. these spermatozoids, 


however, the spermatia of P. ciliaris differ entirely in regard to their genesis. 
The important bearing of Irzicsoun’s observations, whether his theories were | 
correct or not, was at once seen by other Continental botanists, who forthwith 
proceeded to repeat his experiments. Some observers corroborated Irzicsony’s 


theories as well as his facts ; while others, more cautious, less biassed, and less 


impulsive or sanguine in their temperament perhaps, saw the spermatia, but 
took a different view as to their nature and analogies. It is unnecessary to detail 


the results of the observations of different German botanists, who contributed 


voluminously on the subject to the “ Botanische Zeitung,” in 1850 and 1851. } 
Suffice it to notice the most important result of IrzigsoHNn’s observation on 
P. ciliaris,—apparently a most simple one,—which was, that the subject was 


- followed up in France by TuLAsne toa previously unknown extent. He made an 


* Historia Muscorum, p. 150, Tab. 20, f. 45, BC. . 

t Theoria Generationis et Fructificationis Plant. Crypt., p. 120. Pl. 30 and 31. 

t Vide vol. viii., pp. 393-94, May 17, 1850; pp. 917-19, December 27, 1850. Vol. ix, 
pp. 153-4, February 21, 1851, and p. 913. 
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elaborate series of investigations, to ascertain whether all lichens did not possess 
similar organs ; and the result was one of the most valuable contributions ever 
made to the natural history of the lichens,—one which is the basis of all our 
recent and improved information on their minute structure.* The years 1850 
and 1852, the dates of the publications respectively of Irziagsoun and TuLasNE, 
may be thus said to constitute an important era or epoch in the history of 
lichenology. The labours of the German and French lichenologists, during the. 
years 1848-52, have. certainly given a powerful and much-wanted impetus to 
lichenology. 

Specimen 1.—On old ash trees, roisdeide, Balthayock, near Perth, June 1856, 
W. L. L.. The spermogones are old, containing no free spermatia; they are 
mostly confluent, very irregular and quite distinct to the naked eye. So abundant 

are they, that they give a coarsely warted character to the whole thallys. In 
~ none of the spermogones, whether isolated or confluent, is there a distinct ostiole. 
Specimen 2.—On trees, old Castle of Melgund, Forfarshire; coll. A. Croatt, 
1853. Here also the spermogones are old; they are of a deeper brown colour 
than the thallus, and are irregular large warts, frequently confluent, scattered about 
the ends of the laciniz. The ostiole is seldom recognisable when young ; when : 
old, it sometimes becomes a narrow elongated fissure. a 

Specimen 3.—A specimen in Herb. Botanical Society, Edinburgh (no habitat 
given), has young and mature spermogones, containing spermatia. The spermo- 
gones are very abundant as brown papillee rather than warts. The ostiole is seldom 
round, generally elongated or stellate-fissured. The spermogones are generally | 
- grouped, frequently confluent; they are distinct on account of the pale grayish- © 
brown colour of the thallus. This is one of the best specimens I have ever met 


with of the spermogones of P. ciliaris. The spermatia are ae about 
ath long. 


2. P. leucomela, Mich., 


A beautiful species, growing in Europe, Africa, Asia, America, and Australia. — 
The spermogones are essentially those of the last species in site and structure ; 
but they are usually smaller and more regular, and, from the whitish colour of 
the thallus, and their own brown or blackish colour, they are usually much more | 
easily recognised than in P. ciliaris. 
Specimen 1.—On rocks by the sea, near Ballycotton, County Cork; coll. 
Carrott. There are a few old spermogones, closely resembling those of 
P. ciliaris ; they are largish brown tubercles or papillze, scattered about the ends 
of the lacinize, and very distinct from the contrast of their deep-brown colour with 
the almost pure white of the thallus. The cavity is sinuous, as in P. ciliaris, 


ae * Mémoire pour servir, &c., ol. citat, 7 . 
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_ The spermatia are rod-shaped, and about ;th long, with a breadth of sath 


seated on articulated indistinct sterigmata. 

Specimen 2.—Torquay, 1812; in Herb. Hooker, Kew. In this, as in all English 
specimens I have seen, the lacinie are short, stout, and broadish ; the spermo- 
gones are rare, and the apothecia never found. | | 

Specimen 3.—Var. contracta, Nyl. (Syn. P. echinata, Tayl.); in Herb. Hooker, 
Kew. Here also the lobes are short and broad. The spermogones are abundant 


as brown warts or papillze, about the ends, and on the convexities, of the grayish 


or whitish lobes. Most of the foreign specimens of P. leucomela, in Herb. Hooker, 
are referrible to NYLANDER’s var. angustifolia, M. and Flot., which he describes as 


— occurring only in equatorial America, St Helena, and the East Indies. 


SPECIES 3. P. speciosa, Fr., 


Which occurs in Europe, Africa, America, Asia, Polynesia, and Australia. This 
plant may be considered, in regard to its general aspect, as intermediate between 
P. leucomela and P. stellaris, though it more closely resembles the latter than the 
former. Its spermogones are for the most part those of the latter,—of which, 
indeed, I am inclined to consider P. speciosa a variety. | 
Specimen 1.—ScnEIcuER’s exs. No. 47, 1815; on the trunk of Prunus avium, 


-Nepaul. The spermogones are those of P. stellaris. They are black,. prominent 


papillze, seated on the convexities, and about the ends, of the lacinize, sometimes 
isolated, sometimes in closely aggregated groups. A specimen from Caracas, Bir- 
SCHELL, is precisely the Irish form of the plant as sent me by MrCarro.u. There 
are no apothecia; but spermogones are abundant. Mauritius specimens have 


the spermogones brown, very small and inconspicuous, wholly immersed. In 
those from Jamaica, Dr Wricut, the lacinize are large and cream-coioured, and 
~ the spermogones bluish-black, and distinct from the contrast of their colour with — 


that of the thallus. In those from Madras, the lacinize or lobes are large, waxy, 


and pale, and the spermogones few, —— and black. All the above specimens 


are in Herb. Hooker, Kew. 

Specimen 2.—(Sub P. diadenata, Tayl. Madras, Calcutta, Nepaul, 
Jamaica; all in Herb. Hooker, Kew. This is a very handsome form of the plant, 
peculiar to hot climates. The spermogones occupy precisely the position they do 
in P. stellarvis. A few are grouped together about the ends of the laciniz, as small, 
brown papillee. 

Species 4. P. Domingensis, Mont. non. Ach., 
Which occurs in America, Asia, and Polynesia. It seems to me also a mere form 
of P. stcllaris ; their spermogenes are quite the same. 

Specimen 1.—Cuba, ex. Herb. Mont.; in Herb. Hooker, Kew. The spermo- 
gones are grouped on the convexities of the laciniz; they are usually brown, 
punctiform, and immersed. Sometimes they are confiuent, and then they become 
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jrregular in form. The spermatia- are rod-shaped, about long, and 
broad; the sterigmata consist of a few — cylindrical articulations, and 
measure about sth long only. | | 


A native of Europe, America, Africa, Asia, and Australi: There are several 
varieties, of which the most common and important is var. fe: “da, Scherer, which 
is pro parte at least the Borrera tenella of the earlier authors. ‘rom the frequency 
with which the spermogones occur, and from their distinctness, ‘heir colour being 
black or deep brown, while that of the thallus is gray or whit::h—P. stellaris is 
one of the best species in which to study the spermogones of Piyscia. Usually 
only the black, papillar ostioles are visible on the surface of the thallus, in the 
medullary tissue of which the body of the spermogone is immersed. Hence | 
those black-ostioles frequently resemble parasitic Spheria. The walls or envelope 
of the spermogone are at first gray, but subsequently become black. The diameter 
_ of the spermogone in the large-lobed form of the plant,—P. aipolia of authors,— 
is about woth. The cavity is pluricellular and sinuous, as in P. ciliaris. 
| Specimen 1.—On ash trees, Muirhall, Perth, W. L. L. ; associated with P. pul- 
_verulenta, which it often very closely resembles. The mpetinogenen and spores, 
however, especially the former, to a certain extent distinguish P. stel/aris ; for the 
spores differ from those of P. pulrerulenta chiefly in size. The spermogones of 
P. stellaris are always small, black or brown cones or papillae, with imperceptible 
ostioles ; while those of P. pulverulenta are largish exsio-pruinose, thalline papillae 
or tubercles, opening by stellate-fissured ostioles. 

Specimen 2.—Kyles of Bute, on trees, 1852, W. L.L. This is a betel 
form. The spermegones are grouped i in considerable numbers as small, puncti- 
form, immersed bodies. 
| Specimen 3.—On ash trees, roadside, near Pitrodie, Carse of Gaivelis June 1856, 
_ W.L.L. The spermogones are smooth, prominent, black cones or warts, with 
imperceptible ostioles, scattered sparingly about the ends of the lacinie. Onash_ 


trees, roadside, near Glencarse, Carse of Gowrie,, May 1856, W. L. L. They vary | 


greatly in size; but all are black, papillar, and distinct, the thallus being of a 
very pale grayish tint. In other narrow-lobed forms from the same locality, the 
Spermogones are very prominent as brown, minute, round warts grouped on the — 
convexities of the thallus. The spermatia are about x th long; the sterigmata 


are very delicate, composed of short roundish cellules or articulations. 


_ Specimen 4.—On trees, Glen Nevis, August 1856. Here the spermogones are 
mostly degenerate. They are, moreover, sparingly scattered, inconspicuous and 
small, being more mere black points than: well-developed warts. Spermogones 
also abound in specimens collected on ash and other trees, at Annat Cottage, Carse 
of Gowrie, 1855, W. L. L. . | 
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Specimen 5.—On trees, Morchone, Braemar, August 1856, W. L. L. This isthe 
broad-lobed form—the P. aipolia of older authors. The spermogones are minute, 
black papillz; their envelope light brown; the spermatia from goth to ath long, 
and the sterigmata short and distinct. On roadside walls, between the Spittal of 
Glenshee and Braemar, August 1856, W. L.L. The spermogones are few; the 
spermatia about 4;,th long; the sterigmata very distinct, irregular, composed of 
elongated, cylindrical, thick-walled cells, varying, however, considerably in size. 

Specimen 6.—On trees, Kinmundy, Aberdeen, Professor Dickie. The disk of 
the apothecium is brown, instead of black, and the apothecia have consequently 
the appearance of those of Lecanora subfusca. The spermogones are abundant as 
black papilla or cones. The spermatia are rod-shaped, about sath long, and 
broad, on sterigmata which measure to long, and which are com- 
posed of short, roundish or obiong irregular cells. 

‘Specimen 7.—On basalt; near the Giant's Causeway, County Antrim; Dr 
Moors, in Herb. Carroll; no apothecia. The spermogones are plentiful ; the 
spermatia about mvt long, and sath broad. 

Specimen 8.—Scu ERER exs. 350 (sub a. aipolia) ; on the bark of trees about 
Belp. The spermogones are of the papillar type, as is usual in the broad-lobed 
form of the plant. | 

Specimen 9.—Hepr. exs. 473; with Lecidea ewxilis ; -a form passing 
into var. tenella. The spermogones are distinct black cones, scattered in groups 
over the broadish lacinize. 

Specimen 10.—Var. tenella, Sch.; a alaie characterised chiefly by the 
presence of marginal and terminal cilia, varying in length. The lacinize are gene- 
rally narrow; convex above, occasionally almost sub-fistulose, with frequently 


- bullose or sorediiferous extremities. With var. tenella, it appears to me that 


Scu£reEr’s var. hispida should also be associated; at least, I know of no valid 
reason for dissociating them. In this variety, which has usually a very pale a 
thallus, the spermogones are more abundant and distinct than in the ordinary 


type of the plant. Walls on the hills above Innerleithen, August 1855, W. L.L.; 


with apothecia. The centre of the thallus is abundantly sorediiferous. The sper- 
mogones are plentiful, and very distinct as prominent, elevated, roundish deep | 


 pblackish-brown or black warts, in many of which the ostiole may be seen as a 
minute, round, or slightly irregular pore or foramen. The spermatia are rod- 
shaped, about jth long; the sterigmata very slender. Similar spermogones — 


occur in specimens grewing on walls at the Grange, Edinburgh, 1851, W. L. L. 
Specimen 11.—Var, tenella ; Blaeberry Hill, Perth; on trees and stones, plenti- 
ful; April 1856, W. L. L. The spermogones are plentiful on specimens destitute 
of apothecia; the ostiole is frequently distinct, usually triangular or stellate. On 
an old wall, Rossie Moor, Forfarshire ; coll. CROALL. — bear both apo- 
thecia and spermogones. 


j 
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Specimen 12.—Var. tenella ; on wails, Penmanshiel, Berwickshire, 1856; coll. 
James Harpy; no apothecia. The spermogones are sometimes isolated, some- 
times grouped. The latter chiefly occur about the centre of the thallus. Some 
of them are very large, prominent, black warts, on above, and with a dis- 
tinct ostiole. 

Specimen 13.—Var.: tenella ; Morchone, Braemar; on trees, August 1856, 
W.L. L. This.is a dark olive-green form, closely resembling P. obscura. The 
margins of the lacinize bear few cilia. On the same trees occurs the broad-lobed | 
form of P. stellaris. The spermogones are few and scattered. 

Specimen 14.—Var tenella ; on the trunks of trees, under Dunscombe's Wood, 
Cork; coll Carrot; associated with P. obscura. The spermogones are distinct, 
_as black or brown papillae. The spermatia are about long, and 0th broad ; 
the sterigmata measure jth to jth in length. The var. tenella is common in 
Ireland, according to TayLtor in Herb. Mackay. Spermogones are plentiful in 
specimens from Carrigaloe, Cork; coll. Carrott; on the bark of trees. 

Specimen 15.—Var. tenella ; Bieldside, Aberdeen, Professor DicktE; one of the 
very common transition forms between the azpolia and the tenella varieties, the 
marginal fibres or cilia being neither many nor prominent. The spermogones are 
plentiful and prominent as brownish papill or tubercles, varying much in size. 
‘The envelope is, as in all cases in P. stellaris, brown; the spermatia sath long, 

and .;,th broad; and the sterigmata about to jth long. 

Specimen 16.—Var tenella, exs. 349 (sub Parmelia pulchella y. semipin- 
nata}; on palings about Belp, Switzerland. The spermogones are prominent black 
cones or tubercles sparingly scattered. Exs. 351 (sub 8. ambigua); on young ash 
trees about Belp.; on the right-hand specimen in my copy (ed. alt. immut. 1840). 
The spermogones are -here smaller, but are still distinct. Thespermatia are, th 
long, and the sterigmata jacth to jpoth. Exs. 352 (sub 6. tenella), on the trunks of | 
trees about Belp. The spermatia are very minute, about ,;,ath long, and ,,\th 
broad, sub-ellipsoid, andin myriads. The sterigmata are longish, the articulations 
being numerous and short. Hepp. exs. 15, associated with Lecidea chalybeia ; on 

old willows and poplars. The spermatia and sterigmata are those of the type. 
“Specimen 17.—Var. adglutinata mihi; on trees, roadside, Caerlaverock Road, 
- Dumfries, August 1856, W. L. L. This is a peculiar form from the thallus being 
rather crustaceous than of the usual foliaceous type. It is very closely adherent — 
_ to the bark on which the plant grows; unless at the periphery here and there, 
there is little or no trace of laciniz, the thallus" consisting of a series' of white | 
crustaceous warts. The whole plant has a close resemblance to some forms of — 
Levanora sophodes or L. atra. The spermogones also resemble externally those 
of the Lecanoras just named. They are minute black points, scattered on the 
warts aforesaid, and among the apothecia. The spermatia are about ,ith long ; 
the sterigmata very irregular, sub-ramose, thickish, composed of short broadish 
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articulations. The sterigmata are very closely aggregated, and hence indis. 
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tinct en masse. 

Specimen 18.—Var. albinea, Ach. (Syn. Parmelia erosa, Borr.); Falmouth and 
Cornwall, Miss Warren. The spermogones are distinct, black, sub-prominent. 
papillze, generally isolated ; the spermatia are josth long, and 459th broad, and 


the sterigmata about 3;,:th long, consisting of a very few longish, cylindrical, and 


generally irregular articulations. British North America, Richarpson; Rocky 
Mountains, DrumMonp: on the trunks of trees, Troy, U. S.; on Gleditschia, Ohio, 
U.S., Lea: Swan River, Australia, Jas. DkumMonpD; on stone walls, Boston, U.S., | 
F. Boorr. All these specimens are in sites Hooker, Kew, and all io both 


SPECIES 6. F. astroidea, Fr., 


Which occurs in Europe and America. This, as well as the following species, seem _ 
to me mere varieties of P. stellaris; this is characterized by the very soderiifer- 
ous surface of the thallus. The spermogones are externally similar to those of 
P. stellaris ; but the spermatia are usually larger, and the sterigmata composed | 
of much longer, delicate, linear cells or articulations. The spermatia, in one 
specimen, in Herb Botanical Society of Edinburgh,—the habitat not being given, 
—are woth long. The plant is. ‘Spegciated with var. tenella of P. stellaris. 


7. LP. cesia, Fr., | 
A native alike of Northern America and of Europe. It is chiefly saxicolous, cha- 


- racterized by plentiful, roundish, gray soredia on the very narrow convex laciniz. 
Its spermogones are essentially those of P. stellaris ; they would appear to have 


been described by SpRENGEL as Endocarpon athallum.— | 
Specimen 1.—On boulders and walls, roadside between Sligachan and Portree. 
Skye, August 1856, W. L. L. The plant is associated with var. tenella of 
P. stellaris ; and, indeed, P. cesia, P. stellaris, and P. astroidea, graduate into each 
other, and are certainly, in my opines, referrible to a common type. The sper- 
matia are very smail, about swth to yasth long; the sterigmata aed delicate, 
irregular, and composed of short, roundish articulations. 

Specimen 2.—Scu exs. 348, (sub. Parmelia pulchella, 8 dubia) ; on 
about Belp. There are no apothecia ; the spermogones are, in all respects, ¢ those 
of P. stellaris. 


SPECIES Fr.,' 


A foreign species, growing in equatorial America, Africa, and Asia. _ 
Specimen 1.—New Orleans; on bark, DrumMonp; in Herb. Hooker, Kew 


- (sub nom. Lecanora atra). The apothecia closely resemble those of L. atra ; but 
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the thallus is that of P. stellaris. The spermogones are also those of the latter 
species; they are here brown and punctiform, rather than papilleeform however. 


Species 9. P. obscura, Fr., 


Occurring in nares Asia, Africa, and Australia. This species, in regard to both - 
its thallus and spermogones, is intermediate between P. stellaris and P. pulceru- 
lenta ; and it is frequently mistaken for one cr other of these species. The sper- 
mogones, however, are rather those of ?. pulverwlenta than of P. stellaris.. They 
are small warts or tubercles, generally of the colour of the thallus, scattered — 
sometimes about the centre, sometimes about the periphery, of the thallus. The 
internal tissue is whitish ; the cavity is divided into sinuous compartments, as: — 
in P. ciliaris. The sterigmata are longish, and composed of numerous short 
thick-walled cellules or articulations. The spermatia have always appeared to 
me rod-shaped or ellipsoid ; TuLasne describes them as almost ovoid, and KorBer 
as “ eirundlich,” They a are in all cases very minute, — average length — 
to 

Specimen 1.—On the trunks of trees under Dunscombe’s Wood, Cork ; coll. : 
CarroLL. The ends of the laciniz are frequently converted into irregular wart- 
like bullosities, over which are studded black or brown punctiform immersed 
bodies, somewhat irregular in shape, which have quite the aspect of spermogones. 
They are really, however, lecidine apothecia, containing 8-spored thecze, about 
ath long- and ;ath broad. The spores are simple, ellipsoid, ith long, and gwath 

broad, pale-brown or yellow, full of oil globules of every size, which oil globules 
also abound in the thecal protoplasm. For this parasite, I propose, provisionally — 
only, the name Lecidea obscuroides. The apothecia, which are at first round and 
~ immersed, ultimately become more superficial and saucer-shaped. 
Qn specimens of var. /eprosa (Hepp. exs. 65), [a form in which the thallus is 
almost absent, or is leprose, from Morchone, Braemar (on trees), | there is a para- 
sitic Sphewria, which also closely resembles spermogones. It occurs as small black 
points on the leprose thallus, external to the apothecia. | , 

Specimen 2.—LEIGUTON exs. 49; on old bark, near Shrewsbury, associated with 
P. puleerutenta; bears apothecia. There are only two Spermogones in the specimens | 
inmy copy. The ‘spermatia are léng, and path broad, or 
Tod-shaped. 
Specimen 3.—Near Melgund Castle, Forfarshire ; Croat, 1854; with 
apothecia and spermogones: old wall near Rescobie, Forfarshire, J uly 1853; coll. . 
Croat (sub nom. Parmelia cycloselis, Ach.)}, with apothecia. The spermogones 
‘are scattered about the ends of the laciniz as small, prominent, obtuse, deep- 
brown warts, in some of which there is a distinct ostiole. 

_ Specimen 4.—HeEprp. exs. 183, associated with Lecanora subfusca ; on the bark 
of old poplars and other trees. The spermogones are distinct, brown tubercles, 
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scattered about the’ ends of the narrow white-pruinose lacinie. Some of the 
sterigmata have a brownish — they are composed of short broad articula. 
tions. 

Specimen 5.—ScuARER, exs. 353 (sub a. chloantha); on the trunks of om 
about Berne. The spermogones are small, distinct, deep olive-coloured papilla, 
sparingly scattered— generally isolated —near the ends of the narrow laciniz. The 
spermatia are rod-shaped, about jth long; the sterigmata are composed of a 
few short articulations. Exs. 354 (sub y orbicularis); on tiles and rafters about 
Belp. The spermogones are as just described ; the spermatia are sub-ellipsoid, 
about joooth long. Exs. 609 (sub var. nigricans) ; on poplars about Bienne. The 
spermogones are abundant as deep olive-brown, prominent, roundish tubercles, 
sparingly scattered about the margins of the lobes. The spermatia are about 
igontl long; the sterigmata are very delicate, narrow, about ;, soot th to jth long, 
and composed of three or four, seldom more, articulations. 

Specimen 6.—Var. firmula, Nyl. (Syn. Physcia firmula, Nyl.) NYLANDER places 
P. firmula under P. obscura ; but I am inclined to refer it rather to P. speciosa. 
A specimen of P. speciosa from Lachen, Sikkim, Himalaya (alpine region, at 13,000 


feet, with apothecia, in Herb. Hooker, Kew), NyLANDER labels ‘‘Transiens in Ph. jir- 


mulam, Nyl.,” which would imply that he regards the latter as, at least, very near 
P. speciosa. But in his “‘ Enumeration générale des Lichens,” p. 106, he places 
P. speciosa beside P. leucomela, and P. obscura beside P. pulverulenta. Chong- 
tam, Sikkim, Himalaya; temperate region, at 6000 feet. The thallus is whitish 
and waxy, with marginal black fibres; the lobes are short, thick, sub-erect. The 
sterile lobes are studded over with large spermogones, usually one or two, not 
more than two or three, occurring about the end of each lacinia. They are large 
brown cones, generally flattened; their body is a large hard white kernel, immersed 
in the medullary tissue of the thallus. The spermatia are x th long, and auth 


broad; the spermatia are very indistinct. Dr Hooker, in his Herbarium, refers. 


the plant. to P. speciosa. 


pulverulenta, Fr, 


Is a familiar and widely spread species, occurring in Europe, Africa, and Northern 


_ Aincrica. Its spermogones closely resemble those of the preceding species; but they | 


are usually larger and more prominent. They are cones or tubercles, the former 
generally when single, the latter when compound and formed of several confluent 


spermogones. They are frequently, like the thallus, dusted over with a fine white 


pruina or powder. Sometimes they are so abundant, according to Korper, as to 
give the whole thallus an isidioid character. The ostiole is‘often stellate-fissured, 
and comparatively conspicuous, especially in the old state of the spermogone. The 
internal tissue is white, solid or dense, being hence easily divided into thin sec- 
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‘tions. The cavity is divided into numerous sinuous compartments, as in P. ciliaris 
and P. obscura. The length of the spermatia is usually about 2;th to auth. — 
Specimen 1.—On. ash, Muirhall, Perth, W. L. L.; associated with P. stellaris, 
with which it is frequently very apt to be confounded. In regard to the differ- 
ential diagnosis of these two species, I may refer to what I have already said — 
under P. stellaris.. Old Scone Road, Perth, April 1855, W. L. L.; associated with 
P. obscura, with which, also, this species is apt to be confounded. The spermo- 
gones are very abundant as obscure, irregular cones or warts, of the same colour 
as the thallus; the apex deeper brown; the ostiole seldom distinct when round, but 
more conspicuous when stellate-fissured. They are generally grouped, sometimes 
confluent—two or three spermogones uniting to constitute one spermogonal wart. 
- They are thusvery different from the spermogones of P. stellaris ; which spermogones 
serve to distinguish—where other marks fail—P. pulverulenta from P. stellaris. 
Specimen 2.—On trees, Glen Nevis, August 1856, W. L. L.; associated here, — 
also, with P. stellaris, and sometimes scarcely distinguishable therefrom. The sper- 
iogones are brown, sub-confluent, or closely grouped prominent. tubercles, seated 
on the convexities, and about the extremities, of the lacinize. The spermatia are 
about jth long; the sterigmata are very delicate and oem consisting of 
shortish articulations. 
Specimen 3.—Carrigaloe, Cork Harbour ; coll. Carrott. The spermogones 
are pale-brown, largish, white-pruinose papillze, opening by stellate-fissured 
ostioles. The spermatia are sagth long, and sooth broad. Ona wall, Sidlaw Hills, 
1844, Garpiner; in Herb. Hooker, Kew; a good typical specimen. ‘The spermo- 
gones and spermatia are as just described. | | 
Specimen 4.—Scu &Rer exs. 356 (sub a. allochroa, a. corticola); on the trunks and | 
branches of trees about Belp. The spermogones are pale-brown, indistinct papilla, 
_ slightly prominent, semi-immersed. The spermatia are about sath long, and very 
abundant ; the sterigmata are very irregularly articulated. — 


Species 11. P. muscigena, Ach., 


Which occurs in ‘Europe and North America, seems to me only a muscicolous | 
form of the preceding. The spores are of the same form and size as in P. pulveru- 
lenta; the spermogones have the same structure, though they are usually smaller 

papille, of a darker brown colour—naked, or not so frequently pruinose. 
Specimen 1.—Guldbrandsdal, Norway, SoMMERFELDT, Un. Itin. 1828 ; also 
Switzerland; in Herb. Hooker, Kew. Both apothecia and spermogones occur. I 


_ have gathered this plant abundantly at various points on the Dovrefj eldt range 
_ of mountains in Norway. 
SPECIES 12. P. aquila, Fr. 


Specimen 1.—Le1cuton exs. 144 (E. B. 982; Move. and Nest. 1049); : Torquay, 
Devonshire. The spermogones closely resemble those of Parmelia stygia; they 


are plentiful as small brown ania noOHTETS about the ends of the laciniz. 
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When mature, they are generally seen each to be pierced by a minute ostiole, which, 

with age, becomes very patent and large. When moistened, the spermogones 
become semi-translucent. The envelope is deep-brown. The spermatia are 
minute, rod-shaped, seated on the apices and sides of articulated —) whose 
component cellules have very thick walls. 

Specimen 2.—On granite, coast of Cork; coll. CarroLi ; with apothecia. ‘The 

_ spermogones are here also plentiful as small brown papliiaa: grouped generally in — 
twos or threes, sometimes confluent, and then very irregular in form. The older 
ones are marked by their large irregular gaping ostioles, which give the laciniz the 
appearance of being studded over with a series of perforations. The spermatia are 
rod-shaped, about goth long, and »;;0th broad; the en consist of a. few 
shortish linear articulations. 

Specimen 3.—ScHARER exs. 565; on n maritime rocks, coasts of the Atlantic: 
Petver. There are a few young or mature papillseform spermogones ; but the 
majority are old, with large irregular ostioles. The latter, in many cases, from 
falling out of the body of the spermogone, have become saucer-shaped or cyphel- 

- loid—the base of the cavity being deep-brown, and the edge very irregular. These 

| sd ararae ostioles are generally visible to the naked eye. The spermatia are 
sooth long: ; the nth to oath long. 


SPECIES 13. P. parietina, L., 


A beautiful and familiar plant, having a very wide geographical range, as it 
occurs in Europe, Africa, Asia, Northern America, Chili, Polynesia, and Australia. 
- In this, and the species which follow, the spermogones are cones or warts of a 
yellow or reddish colour ; but internally, their structure is that of the spermo- 
gones of the Physciw already described. P. parietina is the type of a section of 
_ Physcia with a Parmeliiform thallus of a yellowish colour—a section which in- | 
cludes P. candelaria, P. flammea, and P. chrysophthalma. The spérmogones of 
P. parietina are minute cones or tubercles, scattered about the periphery of the 
_ thallus, outside the region occupied by the apothecia. They are of an orange-red 
colour, deeper than that of the apothecia, and are generally more or less easily 
seen under the lens. They are usually in groups of two or three, seldom aggre- 
gated in large numbers.’ Their diameter is about ;;th ; that of their ostiole, which 
is usually minute, round, and imperceptible, from about gth. The body of the 
spermogone is a spherical mass of a hard, dense, whitish tissue, immersed in the 
medullary substance of the thallus. The envelope is composed of delicate, cubical 
_... ¢ellules, resembling those which make up the cortical layer of the thallus. The 
_ gterigmata are ramose and very irregular ; they consist of numerous short, roundish, 
or cubical cellules, originally having thin walls, which, however, in progress of ° 
growth, become almost solid, from thickening deposits on their interior. The | 
-spermatia are rod-shaped or sub-ellipsoid, and about to long. | 
Specimen 1.—Kinnoull Hill, Perth, March 1856, W. L. L.; with abundant 
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apothecia. The thallus has a grayish or very pale greenish colour, apparently 
due to a deficiency of chlorophylle, from growing in damp, dark situations. Hence 
the orange-coloured cone-like spermogones are very apparent; they are also 
very abundant; and not being pierced by distinct ostioles, they cannot be con- 
founded with the nascent apothecia, which, besides their different form (always 
showing the rudimentary disk and exciple), have uniformly a much paler colour. 
The spermogonal envelope is composed of beautiful hexagonal cellular tissue, the 
cells being full of yellow colouring matter ; this tissue is similar to that of the corti- 
cal layer of the thallus. The spermatia are sub-ellipsoid, and about j;,s:th long; the 
sterigmata are delicate, indistinct, and very closely aggregated into a compact tissue. 
Specimen 2.—On walls, Grange, Edinburgh, 1852, W. L. L. The spermogones 
are small, sometimes indistinct, cones or papille, of a deeper orange than the 
thallus, having no perceptible ostioles. They are distinguishable from the young 


we apothocs by their rounded apex and their darker colour. 


_ Specimen 3.—Le1GcHTON exs. 10 (E. B. 194); Berwick, near Shrewsbury, Shrap- 
shire. The spermatia are innumerable, and indistinct from their minute size. 
Exs. 11, sub. var. swb-siellata, Fr. (E. B., 1794); also from Berwick, near Shrews- 
bury. The thallus bears no apothecia, and only a few spermogones. Hepp. exs. 
54 (sub. var. polycarpa, Sch.) This is a dwarf form, with abundant, crowded 
apothecia, common on fruit-trees; its spermogones are those of the type. 

Specimen 4.—Scu&RER exs. 380 (sub a. culyaris); on wood and stones in open 
_ places, Switzerland. The spermogones are small, distinct, orange-red papille, 
without distinct ostioles; the whitish hard kernel, which constitutes the body of 
the spermogone, can be readily enucleated. The spermatia are sub-ellipsoid, and 
about long; the arthrosterigmata are about to jgoth long. 

Specimen 5.—Var. laciniosa, Sch., a form marked by small lacinize, much di- | 
sected or subdivided. ScH#RER’s exs. 381 (sub 0. laciniosa, Duf.); on old trees in 
hilly and alpine districts, Switzerland. The spermogones have the usual site ; but 
they are of a very bright red, almost vermilion, colour; they are few, and sparingly 
scattered. Exs. 383 (sub ¢. fulea); on palings, about Samaden. This plant seems _ 
referrible to var. aciniosa. Along with the ordinary spermatia and sterigmata of the 
type, there occurs in the same specimen, and apparently in the same spermogone, 
occasionally, abundance of curved, linear, or filiform spermatia, about »,,,th long. I 
have not met with them elsewhere in this species, and am therefore disposed to 
regard them as accidental, and not. properly belonging thereto. Exs. 549 (sub. 
var. /ychnea, Fr.); on trunks of. trees in open places. The spermogones are few, 
scattered ; the sterigmata: are very delicate and indistinct ; the spermatia are about 
ripaat to nth long, and 9; woth broad—almost atomic in regard to size. 


Species 14. P. candelaria, Ach., 


Which occurs in Europe and North America. It closely resembles var. laciniosa of . 
P. parietina, but is distinguished from that species by its thecee having 20 to 30 
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_ are not very common or abundant. Externally, they are those of P. parietina; 
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spores, instead of eight. It seldom occurs bearing apothecia, and its spermogones | 


but, in regard to their contents, they differ considerably in the specimens I have 
examined. Korper says, ‘“‘ Spermogonien unbekannt.” This species is the var, 
candelaria of P. parietina of older lichenologists ; and some modern writers have 


_ constituted it not only into a separate species, but into a separate genus under _ 


the name of Candelaria rulgaris (Massalongho, fide Korb. 120). 

Specimen 1.—ScHERER exs. 382 (sub Parmelia parietina, €. candelaris); on — 
trees and stones, Switzerland. - The external appearance and site of the spermo- 
gones are the same as in P. parietina ; but the spermatia and sterigmata differ 


-remarkably.. The spermatia are atomic in size, ellipsoid or oval, in myriads, re- 


sembling en masse a quantity of fish-roe. The sterigmata are simple linear cells, 
branching below as in Lichina, Ramalina, and other lichens, having single sterig- 
mata measuring with the spermatia attached about ;;;th long. The spermo- — 
gonal envelope is pale or colourless, never brown. Some of the spermogones are 


comparatively large and wart-like, closely resembling nascent sche the : 
— as in P. parvetina, is usually indistinct. 


SPECIES ld. P. Ach. 
There has been some difficulty as to the position of this plant. It is the Du- 


fourea flammea of older authors. NyLanver places it as a distinct species beside _ 


P. parietina ; while Laurent makes it a mere var. of P. parietina. In the latter 
view I concur. It is a very beautiful. plant, with podetia-like ramules or seg- 
ments, broadish, rounded, hollow, and with extremely thin papyraceous walls. Its 


— colour and general aspect are those of P. parietina, and its spermogones are 1 
— those of that species. 


Specimen 1.—Cape of Good Hope ; also Uitenhage, on trees ; Cape Diege, Africa; 


_—all in Herb. Hooker, Kew. The spermogones are scattered on the outside of the 


fistulose segments of the thallus, especially about the tips. They are small orange — 
tubercles, deeper in colour than the thallus. The spermatia are sub-ellipsoid, 
about jsath to y.nth long, and moth broad ; the arthrosterigmata are about sath 
to sth long, and woth broad. | 


SPECIES 16, P: chrysophthalma, DC., 


: A beautiful, small species, which grows in Europe, Africa, America, Polvnesia, 


and Australia. The spermogones are essentially those of P. par wetina, but they 
are frequently larger and more distinct. 

Specimen 1.—Scu&RER exs. 389 (sub. on fruit-trees, Switzerland; 
Scuimrer. The spermogones are small orange-red tubercles, scattered about the 


_ ends of the lacinize; the spermatia and sterigmata are those of P. parietina. 


Specimen 2.—Long Island, North America, May 1856; coll. Dr A. O. Bropiz; 
with emai apothecia. A few ee are distributed in groups about the 
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ends of the lacinize, as inconspicuous, small, rounded, orange-coloured tubercles. 

They are chiefly old, containing no free spermatia; there are numerous sterile, 

‘elongated, hypertrophied sterigmata, which fill up the spermogonal cavity. - 
Specimen 3.—St Catharine's (Brazil), Tweepie ; also var. farnenis, Ach., Nyl., 

from North America; in Herb. Hooker, Kew. In the latter variety, the spermo- 

gones are generally very distinct, large, deep orange-red tubercles, occurring in 

the axils of the branches or segments of the thallus, which are linear or filiform 

as in P. flavicans, and of a very light colour. 


Species 17. P. flavicans, DC., 


A beautiful Everniiform species, growing: in Western Europe, Africa, Asia, Ame- 
rica, and Australia. 


Specimen 1.—Var. crocea, Ach. which occurs in the West Indies ani Chili (sub. 


Cornicularia crocea, Ach.) ; from Dr Acuarius himself, 1809; in Herb. Hooker, 


Kew; no habitat given. In addition to the value belonging to the specimen 
from its being an authentic one from Dr Acuarivus himself, it is interesting — 
as hearing spermogones, which are not very common in this species. They are 
small papillee or warts, of the same colour as the thallus, scattered along the sides — 
_of the thicker segments of the thallus, nearer the base than the apex. The ostiole 
is of a deep orange-red, much darker than the colour of the thallus, frequently 
depressed ; in which event the papillaform spermogone assumes an urceolate 
character. The spermatia are rod-shaped, about Tooth long, and ,;sath broad ; 
on longish arthrosterigmata like those of P. parietina. But another kind of ste- 
rigmata also occurs; they are simple, linear, branching at the base as in Rama- 
lina and Lichina, about jth to sacth long; the spermatia, given off from the 
apices only, of these sterigmata are acicular, jth long, and ;,,th broad. These 
two kinds of sterigmata occur in different spermogones; but on the same plant or 
specimen. ‘There is no reason to believe that the one is a rudimentary form of 
the other; for their structure and appearance differ ab initio. 

Specimen 2.—Var. exilis, Mich., which occurs in equatorial America and Chil. 
New Orleans, Drummonp; in Herb. Hooker, Kew. The thallus is frequently of 
a very pale gray colour; it is studded over with small orange tubercles, which ¢ are . 
spermogones. 
| 18. P. villosa, Dub., 
| A beautiful species, occurring in Spain and Portugal, Africa and Pern, and a variety 
of which I have also found occurs sparingly in Ireland. From the pale-gray colour 
of the thallus, and the large size of the orange sperm agne, the latter organs are 
particularly conspicuous in this species. 

Specimen 1.—Portugal, Trans-Tagus Districts, on sea-coasts; coll. WELW1TzscH, 
No. 110; in Herb. Hooker, Kew; very fine specimens. The spermogones are 


abundant as very prominent and large orange-coloured tubercles, somewhat | 
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‘Sterigmata, resembling those of P. parietina. 
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irregular in form, scattered sparingly on the pale segments of the thallus. The 
spermatia are rod-shaped or sub-ellipsoid, sooth long, and .gsath broad, on arthro- 

Specimen 2.— Var. Dickieana, mihi*—a plant sent me last summer by Pro- 
fessor DickrE of Belfast—appears referrible to P. villosa as a variety. It was. 
gathered “ either on calcareous rocks in the Deer Park, or on the wall which sur. | 
rounds it. The locality is on the north side of Belfast Bay, and about three 
quarters of a mile from the Bay” (in litt., 5th May 1858). It has not hitherto 
been known as a British plant. It is a dwarf, entangled form; the upper sur- 
face of the thallus is scarcely villose; the laciniz are grayish above, paler 


| below and scarcely channelled or lacunose ; their margins are copiously fringed 
_ with short, irregular, white fibres. The apothecia are conspicuous, having a large 


saffron-coloured disk. The spermogones are very large and distinct as orange 
tubercles, seated near the ends of the lacinize, rounded, isolated, of similar colour 
to the apothecia. The spermogonal cavity is divided into sinuous compartments, 
as in P. ciliaris. The spermatia are rod-shaped, about jasath to with long, and 
swuth broad; seated on the apices and sides of long articulated sterigmata, resem- 
bling those of P. parietina. 


SpEcIES 19. P. intricata, Scher., 
Which, like the preceding, is essentially a Spanish and Portuguese species, occur- 
ring also in England and in Africa. Its thallus somewhat resembles that of the 
preceding species ; but the disk of the apothecium is black, instead of orange. This 
is the old Evernia intricata, Fries., the Borrera Atlantica, Ach., and Lichen Atlan- 
ticus, E. B. 1715, which grows sparingly on the south coast of England. 
Specimen 1.—Lancerotta, on old trunks of Opuntia jico-indica ; Teguire, 1846; 
coll. BourcEeau, No. 610;—both in Herb. Hooker, Kew. The spermogones are 
abundant, but they require to be carefully looked for with the lens, when the 
thallus is moistened. They are small brown points, scattered over the convexi- 
ties of the laciniz, or crowning a serieg of very inconspicuous small warts. The 
spermatia are rod-shaped, about sth long, and smth broad, on arthrosterigmata 
such as are found in P. villosa and P. parietina. 


* Since this Memoir was originally presented to the Royal Society, I have had two communi- 
cations from Professor Dickie on the subject of the name of this plant. In his first (dated 25th 
March 1859), he says, “Twelve months ago I sent a Borrera, supposed by me to be a variety of 
Atlantica. I have now good reason to believe that it is new. Should you, therefore, publish any- 


- thing on British species including it, 1 should wish it to stand as B. Hibernica, Dickie MSS.” In 


his second letter (dated 3d June 1859), he remarks, “The supposed P. villora, Dub., has been sub-— 
mitted to Nylander, who pronounces it a monstrosity of P. chrysophthalma. I have compared the 
fruit in both, and find them identical, so-we must bow to the high authority of Nylander.” In 
giving these criticisms, however, which I do in justice to Professors Dickie and Nylander, I see no 


‘yeason for in any way modifying or altering my opinion regarding the place in classification or 


name of the plant in question—as above given. 
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FAMILY XIII. Pyxinez. 
GENUS L. PYXINE, Fr. 3 
This genus, which NyLANpER places between the families Umbilicarie and 
Lecanoree, has a Parmeliiform thallus, but lecidine apothecia. The whole plant. 
frequently resembles, on the one hand, Parmelia stellaris, and on the other, 
_ Lecidea canescens. For the latter plant, especially, it is often mistaken: several 
specimens from Madras, Dr Wicut, in Herb. Hooker, Kew, are labelled Z. canes- 
cens. Its spermogones externally resemble those of many Parmelie and Physcie, — 
as well as some Lecidew—such as L. canescens. ‘The plant occurs in all equatorial 
countries, and in Chili. ; 
| SPECIES 1. P. cocédes, Ach. | 
Specimen 1. W. H. Campsety (sub nom. Lecidea cocoes, Ach. ); 
Madras, Dr Wicut;—both in Herb. Hooker, Kew. The plant has sometimes 
greatly the aspect of Parmelia stellaris ; but the apothecia are always lecidine, 
the exciple and disk being of the same colour, which is black. The spermogones 
are generally scattered about the ends of the laciniz, as. brown points, seated on 
the apices of pale, thalline papillz. Sometimes they are not confined to the peri- 
phery of the thallus, but are plentifully distributed over the whole thalline sur- 
face, and among the apothecia. The body of the spermogone is always immersed 
in the medullary tissue of the thallus. The spermatia are usually linear, straight, — 
or very slightly curved, with rounded or obtuse ends, about goth long, and 49 sth 
broad. The sterigmata closely resemble those of Ramalina ; they are narrowly 
linear, very delicate, branching at the base, about sth to jth long, and of equal - 
thickness with the spermatia, which are given off on the apices oaths # 
terminal cells or articulations. : 


FAMILY XIV. 


The genera Psoroma, Pannaria, Coccocarpia, Squamaria, and odin are 
intermediate between Parmelia and Lecanora, as regards, particularly, their 
thallus. In some, the Parmelioid character predominates, in others the Lecano- 

rine. They cannot be properly excluded from the foliaceous class of lichens. 


GENUS I. PsoroMa, Fr., pp. Nyt. 
| This genus is closely allied to Pannaria and Coccocar‘pia, and its spermogones 
_ also resemble those of these genera. The most familiar species of the genus, and the 
only British one, is P. hypnorum, Fr., which grows equally in America and Europe. 
It has short, rod-shaped spermatia, on arthrosterigmata like those of Pannaria and 
Coccocarpia. 
GENUS Il. PANNARIA, Del., Nyt. 
The spermogones of this genus are essentially those deseri bed under Cocco 
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~ carpia, which should not, I think, be separated as a genus from Pannaria. They 


in the Alps. The spermogones are largish, distinct, flattened, reddish-brown 
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are largish warts or papillze, scattered about the periphery of the thallus, flattened 


on the apex, generally brown or black, reddish in P. muscorum. The spermo- 


gones sometimes, in old age, become black internally. The sterigmata are articu- 
lated as in Physcia ; the component cellules being numerous, short, roundish or 
cubical, and with walls thickened by internal deposits. They occasionally, in old 
age, and especially about their base, acquire a blackish tint, as in P. triptophylla. 
The spermatia are rod-shaped, varying in _— from jth to goth. 


Specizs 1. P. pannosa, Del., 


Is common in all tropical countries, and also occurs in the Sandwich Islands. 


Specimen 1.--Low Island, Beecney. The spermogones are abundant as small 


' papillae, scattered here and there in the direction of the radiations of the lacinize, 


between the centre region occupied by the apothecia and the margin of the thallus. 
The apex is marked by a brown, roundish or elongated ostiole. Philippine Islands, 
Cuminc; both in Herb. Hooker, Kew. The spermogones are scattered about the 


periphery of the thallus, as brown cr sometimes seated on slight elevations 


of the thallus. 
| Species 2. P. rubiginosa, Del., 
Which occurs in America as well as in Europe. 
Specimen 1.—Lxianton exs. 234 (sub. Parmelia, E. B. 983) ; Keswick, Cumber- 
land. The spermogones are similar to those of Coccocarpia plumbea, both exter- 


nally as to appearance and site, and internally as to structure or contents. The 
whole plant is closely allied to C. plumbea. Indeed, I am inclined to refer both 


to a common type; and I look upon NYLANDER’s arrangement, which separates 


them, as a most artificial and unnatural one. 


SpeciEs 3. triptophylla, Ach., Fr., 
Like the preceding, occurs both in Araerica and Europe. 
Specimen 1.—Scue®reEr exs. 159 (sub. Lecidea microphylla a. Schrader); on 


the trunks of trees in alpine woods, Switzerland. The spermogones are small, 
round, black, roe-like bodies, grouped closely together. The envelope is com- — 


posed of cellules having an indigo-biue colour; the spermogonal cavity is simple. 
The spermatia are rod-shaped, about g th long, and 4; ,..th-broad. The sterigmata 


appeared to me simple, linear, short filaments, sometimes branching very slightly 
below. This is exceptional—the sterigmata of Pannaria being, as I have already 


mention ed, normally articulated. 


SPECIES 4. P. muscorum, Ach., Del. 
Specimen 1.—Scuzrer exs, 482 (sub. Parmelia carnosa); on granite rocks 


— 
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warts; scattered tr the thalline laciniz. The spermatia are rod-shaped, about 
2th long, and saath broad. The arthrosterigmata resemble those of Sticta or 
Collema—the cellules or articulations being short, broadish, and thick-walled. 


GENUS IIL. CoccocarPiA, Pers., Nyl. 


_ The spermogones of this genus resemble those of Ricasolia somewhat, being 
-Jargish superficial papillee or tubercles, having rod-shaped spermatia on arthro- 
sterigmata. They are generally seated about the periphery of the thallus, out- 
side the region occupied by the apothecia. Sometimes they are arranged longi- 
tudinally, or in the line of radii passing from the centre to the circumference of 
the thallus; sometimes in arcs parallel to the zones which mark distinctly the 
development of the thallus. They are generally of the colour of the thallus, 
the ostiole being usually brown or black. In C. molybdea, they are pale yellow, 

with a brown ostiole. They are frequently confluent, becoming then very irre- 
gular inform. The ostiole is seldom round, and this only in the young or mature 
state. Subsequently it becomes generally elongated or chink-like, and more or less 
irregular in outline. The body of the spermogone forms a dense, hard, whitish or 
yellowish kernel, immersed in the medullary tissue of the thallus. The envelope 
is generally of a pale-brown or brownish-yellow cellular tissue. The sterigmata 
are ramose, longish,—ath to ;th in length in C. plumbea,—with a breadth 
of 2th, composed of short roundish or cubical thick-walled cellules. In the old 
spermogones, the sterigmata frequently acquire a brown colour, especially below, 
and they sometimes become aggregated into a compact tissue, which fills the 
cavity of the spermogone. This tissue, in some cases in C.. plumbea, may even. 
become black. The diameter of the cavity of the spermogone in C. plumbea 
is 4th to 4th; the spermatia are rod-shaped, and about jth to ath long, with a 
breadth of sath to sath. NyYLaNpeEr’s distinction between Coccocarpia and 
Pannaria seems to me a very insufficient and unsatisfactory one :—‘“ Nimis arcta 


est affinitas inter Coccocarpias et Panarias,” he himself admits. ‘In Coccocarpiis 


thallus ad formam radiato-sub-monophyllinam tendens (sepe concentrice versus 2 
ambitum rugulosam ) et apotheciis constanter biatorinis levem offert differentiam | 
a Pannariis.”* 

Specs l. C. plumbea, Lightf., 
Which occurs in North Africa, as well as in Europe; a familiar British species. 
The spermogones are sometimes inconspicuous from being of the same colour 
with the thallus ; the ostiole, however, is ‘generally of a deep brown, sometimes 
black, colour. They are large, flattened tubercles—frequently elongated in the 
direction of the radiations of the thallus—often confluent and very irregular in. 
form. The cavity is simple. In old spermogones, the sterigmata frequently 
assume a brown colour, and become agglutinated into a compact tissue. 

* Enumération Générale des Lichens, p, 109. 1858. 
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Specimen 1.—On trees between Tarbert and Arrochar, Loch Lomond, Aug. 
1855, W. L. L. There are no apothecia ; but spermogones abound in every stage 
of their development. They are large papillee, with ostioles of a deep leaden-gray 
or blackish colour. The papilla generally becomes elongated, and the ostiole 
enlarges until a black disk-like or saucer-shaped cavity is exposed. The spermo- 
gones are scattered most plentifully about the centre of the thallus, few occurring 
about its periphery. Some are seated on the plice of the thallus, which run from 
the centre to the circumference; others are distributed parallel to the periphery of 
the thallus. There are also spermogoniferous specimens in Don’s Herbarium 
(now possessed by Mr M‘Nas, Royal Botanic Garden, Edinburgh); no habitat 
given. The spermogones are chiefly young, with elongated chink-like ostioles. 
They closely resemble the spermogones of /icasolia herbacea and R. glomulifera. 

Specimen 2.—LEIGHTON exs. 233 (sub. Parmelia, E. B. 353); Keswick, Cum- 
berland ; with abundance of apothecia. The spermogones are small tubercles, of 
the colour of the thallus, with very irregular ostioles. _ | 

Specimen 3.—Var. myriocarpa; on trees, Killarney, Ireland, common; coll. 
Carro.u. This is merely a form in which the apothecia are small, and con- 
fluent in irregular masses. With it may probably properly be associated 
ScHARER’S y. cyanoloma (Enum. p. 36), which has “ apotheciis in maculas fusco- 
atras congestis.” The spermogones are imbedded in large tubercles or papille 
of the thallus, each marked by a brown apex or ostiole; they are scattered abun- 
dantly external to the region of the apothecia. The envelope | is of a very pale 
brownish-yellow. .The spermatia are rod-shaped, about goth long, and xiath 
broad; the are from sath to > ath and jaxth broad. 


Q. C. Pers., 

A species which occurs in all tropical countries, closely allied to the preceding. 

Specimen 1.—St Vincent, on barks; Canaries, ex Herb. Welwitzsch; Surinam, — 
ex Herb. Miguel;—all in Herb. Hooker, Kew (Syn. Solorina maculata, Tayl.; Lecidea 
 parmelioides, Hook.) ‘The spermogones are abundantly scattered all over the — 
thallus; they are pale yellow warts, with brown tips, superficial, prominent, be- 
coming darker in colour and less conspicuous. In one specimen, with the thallus 
of a leaden hue, closely resembling that of C. plumbea, the spermogones are 
small, distinct, prominent black or brown papillze, grouped in considerable num- 
bers. The body of the spermogone is a hard yellow kernel, sunk in the medullary 
tissue of the thallus. The spermatia are rod-shaped, about rwoth long, and south 


broad, on arthrosterigmata like those of C. plumbea. 


Specimen 2.—Assam ; Philippine Islands, Cumine; in Herb. Honier, Kew. 
Some specimens have large, handsome, pale lobes. The spermogones are few, 
scattered, very distinct and large, resembling, except as to ‘bize, those of Ricasolia 
her ‘baced. 7 


~ 
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GENUS IV. Sovamarta, DC. 


some prominent differences in regard to the character of the spermogones,—par- 
ticularly in regard to the spermatia and sterigmata. In reference to its spermo- 
gones, Placodium stands much nearer Physcia than Squamaria does. The sper- 
mogones of Sguamaria are mostly immersed, and are marked by an inconspicuous 
punctiform ostiole, which is frequently of the same colour as the thallus. The 
ostiole is sometimes black, bluish, or brownish—generally minute and round— 
occasionally stellate-fissured. Seldom are the spermogones tubercles or papillz ; 
seldom are they conspicuous or large. In S. aleurites, they are punctiform; in S. 
gelida, they are perched on pale thalline papille. They are usually scattered about 
the periphery of the thallus—sometimes distributed chiefly about its centre. Some- 
times, in S. chrysoleuca, they are studded on the apices of isidioid growths of the 
thallus; and in S. concolor, they are scattered over the epothecia. The greatest 


diameter of the body of the spermogone varies from 7th to ;ath; in S. saxicola it is 


jth. The cavity is usually simple ; in S. crassa it is divided into sinuous compart- 
— ments, as in Physcia ciliaris. The spermatia are, as a general rule, long, filiform, 
and curved or twisted, among the most beautiful and largest that occur in lichens. 
Their length varies from zath to jth, many being about ;th long; their breadth 
varies from s,a:th to ssonth, and is frequently inappreciable. In S. aleurites, I have 


- found short rod-shaped spermatia, about ;th long; this, however, is the only in- — 


stance in which I have ever met with them other than filiform and curved. In this 


species, too, the sterigmata are of an exceptional character, being articulated, 


consisting of a few linear, delicate cells, and resembling those of many Parmeliw. 


_ They are usually simple, linear, elongated, branching or not at the base, and re- : 


_ sembling those of Lecanora subfusca. The spermatia, sterigmata, and spermogones 
of Squamaria are much more closely allied to those of Lecanora than to those 
_ of Physcia—quite the reverse being the case in regard to Placodium. The length 

of the sterigmata varies from jth to their breadth from to 


1. S. crassa, DC., 


Which occurs equally in Africa and Europe. Its spermogones in Prineh speci- 
mens, according to TuLasne—for I have not myself met with them—are minute 


tubercles scattered over the thallus, generally of a pale-brown colour, sometimes 


' flesh-coloured, occasionally violet. The apex is more frequently marked by a 


fissured ostiole than by a round imperceptible pore. ‘In the old state, the ostiole — 
expands so as to assume a discoid character, its borders being very irregular and 


lacerate. The greatest or transverse diameter of the spermogone varies from 


ath to ith. Its body is wholly or nearly immersed in the thallus ; it is sometimes 
girt by the gonidic layer of the thallus ; at other times it is plunged immediately 


This genus is closely allied to the following one—Placodium ; but there are 
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in, and surrounded by, the white medullary tissue. The cortical envelope is not 
of a deeper tint than the rest of the tissue of the spermogone. The cavity is. 
irregular, and is divided into numerous sinuses or anfractuosities which are 
marked externally by bulgings of the walls of the spermogone. The sterigmata 
are simple, resembling those of Lecanora subfusca. The peeinnee are very deli- 
cate, filiform, and much curved ; their length is about wath to ath, with a breadth | 
of 
SPECIES 2. S. chrysoleuca, Sm. 

A beautiful species, which grows in Europe, North America, an the dieters 

Specimen 1.—Scu2RER exs. 345 (sub Parmelia rubina a. chrysoleuca); on 
micaceous rocks, in the Southern Alps. On the right-hand specimen in my copy 
(original ed. 1840), there are a few old spermogones, containing no free spermatia ; 
they are punctiform, seated on the tips of small, isidioid warts, and are marked 
by inconspicuous ostioles. On the left-hand specimen, mature and young sper- 
mogones are scattered over the surface of lobes bearing no apothecia. They are 
wholly immersed, and are marked by round black, or bluish-black, ostioles. They 
closely resemble the spermogones of the preceding species. The spermatia are 
long, filiform, and curved or twisted, about sooth long, and saath broad. The 
sterigmata are simple, linear, elongated, measuring, with the spermatia attached, 


Species 3. S. Ach., : 
- A cosmopolite. The thallus frequently consists of an aggregation of small, irre- 
gular, dark-gray scales. On these the spermogones are scattered as small black 
points, without appreciable prominence. The body of the spermogone is spherical, 
with a diameter of about ith, of a brownish-violet colour externally, as well as 
internally. The cavity is simple; the sterigmata are also simple, narrowly linear, 
almost solid from thickening deposits on their interior; their length is about j:th 
to their breadth scarcely jg The — are filiform and curved, 
about jth to long. 

Specimen 1.—ScHARER exs. 332 (sub. Parmelia silivalte a. ockrolewca); on 

limestone, Switzerland. The spermogones are small black papillae, seated on — 
separate, sterile scales of the thallus, chiefly at the corners thereof, as in Lecanora 
cinerea and many Levidew. The spermatia are sub-ellipsoid, ijamth long, and 
» wath broad, seated on the apices and sides Of arthrosterigmata. The spermatia 
and sterigmata show that this plant certainly does not belong to our BS. saxicola, 
however much it may eer resemble it. 


Species 4. S.concolor,Ram. 

‘The black warts on the apothecia, of which Sctarer speaks, are spermogones. | 
The spermatia are among the most slender, longest, and most beautiful known 
among lichens. Their length is theirbreadth from to goth. 
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Species 5, S. gelida, L., 


‘Which occurs in Europe, America, and New Zealand. In Scotland, it is common in 
Skye, and also along the banks of the Caledonian Canal. | 

Specimen 1.—New Zealand, Cotenso; in Herb. Hooker, Kew ; on water-worn | 
pebbles, precisely as on the banks of our Caledonian Canal. The spermogones are 
very beautiful and distinct. The convexities of the laciniz, about their centre, are 
elevated into a series of aggregated, pale papillae, each having a broadish base, sur- 
mounted by a second or separate cone, of a brownish-yellow colour, pierced or not 
by a very minute ostiole. The interior of the upper cone is found to consist of a 
large brownish-yellow hygrometric kernel, very like the body of the spermogone 
of Pertusaria communis, and becoming similarly gelatinous wider moisture. The 
spermatia are so extremely delicate as to be almost invisible ; they are among the 
most beautiful I have seen. They are vermiform threads, about j;ath long, and 
broad. The sterigmata are linear, simple, slightly at the base, 
about sath to long. 


SprciEs 6. S. ambigua, Wulf., 


Which occurs in Europe, Asia, and North America. 

Specimen 1.—Madras ; on the bark of trees ; in Herb. Hooker, Kew. The plant 
_ seldom or never bears apothecia i in this country. In this specimen, both apothecia 
and spermogones occur. The latter are minute, brown, immersed, punctiform 
bodies, resembling in external aspect the spermogones of Parmelia sazatilis. 


Species S. aleurites, Ach., 


Which re grows | in North America, as well as in Europe. . . ee 
Specimen 1.— Franklin’s First Voyage, in Herb. Hooker, Kew (sub nom. Par- 
melia ambigua). This species closely resembles the preceding, with which it is 


- constantly associated, and for which it is constantly mistaken. The spermogones | 


are punctiform, minute, brown or black immersed bodies, outwardly resembling 
those of Parmelia sazatilis. 

Specimen 2.—Valley of Guttanen, Switzerland; in Herb. Kew. The 
spermogones are numerous and very distinct. The spermatia are rod-shaped and 
straight, about th long, and 3;5,th broad; apparently seated on the apices and 
sides of short articulated sterigmata, about goth long. and which resemble those. 
of Parmelia conspersa. 

Specimen 3.—On old fir-trees, at 1307; in Herb. Kew. The 
thallus is very like that of Physcia stellaris ; but the spermogones and the spores 
equally distinguish the two plants. 
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GENUS V. Puacopium, DC. 


This genus is intermediate in character between Parmelia or Physcia, and 
Lecanora ; but its spermogones are those of the two former genera. The sper- 
mogones are usually papillee or tubercles, of various size and variously coloured, 
scattered about the periphery of the sub-foliaceous thallus, and on the convexities — 
of the laciniz, just as in Physcia. They are isolated or grouped, more or less 
irregular in form frequently, especially when confluent, often flattened on the 
apex. Sometimes they are scattered on separate sterile areolee, as is the case 
with the spermogones of many Zecanore and Lecidew. They are then punctiform 
and immersed, with a'raised, light, thalline border, as in P. chalybeum and P.al- | 
phoplacum. The spermogones are, in a form of P. circinatum, pseudo-lecidine in 
appearance, and as large as apothecia. They are the largest spermogones, with- . 
out exception, with which I am acquainted. They are large whitish or buff- 
coloured disks, destitute of an exciple, having frequently a ragged or notched 
edge. They are generally semi-immerscd in the limestone on which the plant 
grows. The internal structure and contents are those of the ordinary form of 
‘spermogone in this species. The colour of the spermogone is also whitish in P. 
—_ chalybeeum, in which the ostiole is of a pale-gray. In species with a reddish or 
yellowish thallus, just as in Physcia, the colour of the spermogone is orange-red 
or orange-yellow. ‘This is the ca8e in P. muscorum, P. callopismum, P. elegans, 
and other species. The colour is sometimes brownish or blackish; in P. candicans 
it is bluish. . The ostiole is usually very minute and indistinct ; sometimes it is 

fissured irregularly. The greatest diameter of the body of the spermogone, in 
P. murorum, is ;th. The tissue of its body is hard, dense, whitish and hygro- 
metric; its cavity is generally simple. ‘The spermatia are short, linear, straight 
or rod-shaped, with truncate ends, sometimes oblong or ellipsoid. Their length 
varies from to a large number measuring about to long. 
In many species they are almost atomic in size. Their breadth varies from sw:th 
tO sonth. The*sterigmata are normally, and as a general rule, articulated,—the 
component cellules or articulations being short, — or cubical, as in many 
Physciw.. They are longish, varying from ;;th to ;4;th, many of them being about | 
anath long, with a breadth of about ,jath. In some species, as P. circinatum and 
P. fulgens, elongated, ramose, sterile, hypertrophied filaments, not unfrequently 
occur, growing from among the spermatiferous sterigmata, and filling the cavity | 
of the spermogone. In exceptional cases, as in forms of P. circinatum and P. al- 
phoplacum, 1 have met with sub-simple sterigmata, which, however, is altogether 
an exceptional phenomenon in this genus. The sterigmata become, in progress 


of growth, almost solid, from thickening deposits in the interior of their individual 
component cells. 


| 
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SPECIES 1. P. candicans, Dub. 


This may be considered the type of a section of the genus, dettiactained by a 
whitish or grayish thallus. 

Specimen 1.—LEIGHTON exs. 218 (sub Lecidea rimosa). (Syn. It is certainly 
not E. B. 1736, as Lergnton quotes, but E. B. 1778.) On quartzose rock, Great 
Orme’s Head, Caernarvonshire. The spermogones are distinct, as minute bluish 
or black points, sparingly scattered towards the periphery of the thallus. They 

are flattened or cone-like, wholly immersed, or nearly so. The spermatia are very 
- short, rod-shaped bodies, bristling over the apices and sides of arthrosterigmata. 


 §$pecies 2. P. circinatum, Pers., 

A comparatively widely-spread species, occurring in Europe, Africa, and Asia. 

Specimen 1.—Dereham Church, England, 1810; in Herb. Hooker, Kew (sub 
nom. Lichen candicans, Dicks.; Parmelia epigwa, Ach.) The spermogones are 
_ plentifully scattered among the apothecia. They are seated on the warts of which 
the thallus is in a great measure composed. They are brown papillee, which burst 
through the thallus, and become irregular, flattish bodies, resembling deformed 
apothecia. The ostiole is seldom round and inconspicuous; it is, especially in 
the old state, more or less patent and stellate-fissured. The spermatia are rod- . 
shaped, about sath long, and x ath broad, seated on sterigmata about j4:th long, 
which are composed of only two or three linear irregular cellules or articulations. — 

- Specimen 2.—Clare Hall Bridge, Cambridge, Rev. H. Davies; also from same 
locality, coll. JamEs Daron, 1803,—both in Herb. Hooker, Kew. That portion 
of the thallus external to the region occupied by the apothecia is copiously covered 

with spermogones; they are seated on thalline warts, and are brown, irregular, — 
papillseform, sub-immersed bodies. 

Specimen 3.—Var. variabile, Pers.; Hepp. exs. 74 (sub. Placodium var ‘iabile) 
on old walls. The spermogones are pale, flat, brown, roundish spots, studded — 
over the periphery of the whitish thallus. They closely resemble the spermogones _ 
of Lecanora subfusca, whose apothecia those of this variety of P. circinatum also 
resemble in outward aspect. The spermatia are oblong or sub-ellipsoid, almost — 
atomic as to size. P. circinatum has frequently, intermixed with the ordinary 
or spermatiferous sterigmata, elongated, sterile, ramose filaments, like those which 
occur in many of the Parmeliew. NyY.Lanver has likewise noticed this fact; but 
he alludes to it as an abnormal and occasional condition only. 1 see no reason for 
regarding the occurrence of these hypertrophied sterile sterigmata in this species 
as exceptional, while they are regarded as normal in Ramalina and Parmelia. 
Indeed, I would lay down as a proposition, that there is a tendency in all spermo- 
gones whatever to the development of an elongated, hypertrophied, and sterile 
condition of the sterigmata. This is mostly seen in old spermogones, the sterig- 
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mata in which often become so hypertrophied and so aggregated as to fill the - 
whole spermogonal cavity with a dense coloured tissue. But the phenomenon 
also is of frequent occurrence in mature spermogones; and the abnormal or ex- 
ceptional condition, I — say, is the absence, not presence, of these peculiar 
filaments. 

Specimen 4.—Var. ecrustacewm (sub Placodium A gardhianum ; syn. Lecanora 


Agardhiana, Ach. Scn2RER exs. 617; on limestone, in the Jura and Alps) ; Hepp, 


exs. 407. The apothecia are black, flattish, or sub-convex bodies, with an indis- 
tinct, thin, evanescent border. Accompanying or intermixed with these, are 
bodies of the same size, flat or sub-convex, without any distinct exciple, having — 
frequently a ragged or notched edge. They are of a whitish or buff colour, have 
quite the aspect of apothecia, are white-pruinose, like the apothecia and spermo- 
gones of Lecidea abietina, and are generally semi-immersed in the limestone on 
which the plant grows. They are really spermogones, though outwardly very 
unlike these organs in their ordinary forms; and they are the largest bodies of the _ 
kind with which I am acquainted. The spermatia are ellipsoid or linear-oblong, 
about long, and broad. sterigmata are longish, delicate, arti- 


— culated, about ;;th to joth long, and joo th broad. The spermogones are not only 


white-pruinose on their surface, but are whitish and mealy throughout. The 
apothecia are occasionally also white-pruinose externally, and they are then dis- 
tin guishable from the spermogones only by microscopical examination. The 


spermogones, however, are always lecidine, the apothecia lecanorine ; but this 
distinction may not at once strike the eye. ee 


SPECIES chalybeeum, Duf,, 
In his “ Prodromus Lichenographite Gallice et Algerie,” 1857, 81, NyLay- 


_peER arranges this species with the Lecanoras having simple sterigmata. This does — 


not at all accord with my observations ; the sterigmata in all specimens examined 
by me, as is also the case in all the species of Placodium, were articulated. His 
removal of this species to the genus Placodium, in his “ Enum. Générale des 
Lichens,” 1858, p. 111, may, however, be regarded as a confession of error. 
Specimen 1.—HeEpp. exs. 204; on calcareous rocks. The spermogones are _ 
plentifully scattered over the whitish or grayish areole; they are punctiform, 
immersed, grayish or blackish; with a raised, lighter, broken thalline margin. 
The spermatia are rod-shaped, atomic in size, on arthrosterigmata. ; 
Specimen 2.—ScHARER exs. 566 (sub Lecanora chalybea) ; on calcareous stones 
about Montpellier, and in the Eastern Pyrenees. The spermogones are whitish 


‘small tubercles, with a pale-gray ostiole of the same colour as the thallus, not 


easily recognised even under the lens, They somewhat resemble the spermogones 
of Lecidea fusco-atra, both in site and in external appearance. The spermatia are 
very abundant, rod-shaped or ellipsoid; oath long. 
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SPECIES 4. P. alphoplacum, Wahl., 
Which occurs in North America, as well as in Europe. 

Specimen 1.—ScHARER exs. 330 (sub Parmelia radiosa 8. inflata) ; on granitic 
alpine rocks; with apothecia. The spermogones are marked by their small, — 
brown ostioles, which crown the separate, sterile warts of the thallus. The sper- 
matia are short, rod-shaped, about sath to sath long, and gimth broad. The 
sterigmata are apparently whan, linear, branching below, measuring with 
the attached spermatia jjth to jth long. The existence of simple sterigmata 
in Placodium is quite exceptional, almost occurring. 


SPECIES 5. P. teicholytum, DC. 


_ This is the type of a section of Placodium characterised by the possession of a — 
yellowish thallus (Syn. Parmelia erythrocarpia, Fr. ; Lecidea, Scher. ; Blastenia 
erythrocarpia, Pers., Korb. 183; Lichen cesio-rufus, Sin., E. B. 1040). This 
species, I think, should certainly be merged in Lecanora ferruginea, or, as I should 
arrange it, Lecidea ferruginea. The spermogones are scattered among the apo- 
thecia as blackish, punctiform, depressed bodies, sometimes slightly papilleeform. 

_ The form of the spermogonal cavity is oblong; it is narrow and simple. The © 
spermogonal envelope is black, and this distinguishes the spermogone—on section — 
from the surrounding white medullary tissue. The spermatia are ellipsoid or 
ovoid, about sath long, on arthrosterigmata resembling those of P. murorum. 


_SPEcIEs 6. P. fulgens, DC., 


A hendane species, which occurs both in Africa and Europe. The spermogones 
are large, distinct, orange-red tubercles, which are apt to be mistaken for, or con- _ 
founded with, the nascent apothecia. The internal tissue is whitish-yellow; the 
cavity is simple, but it is ultimately obliterated by convergent hypertrophied 
sterigmata. The sterigmata are ramose, and consist of stall cubical cellules, — 
which become almost solid from thickening deposits in their interior. The sper- 

matia are not above to long, and are in immense numbers. 
_ Specimen 1.—Hepp. exs. 194; on sandy ground, on the banks of the Rhine, in 
the neighbourhood of Tardisbriicke, near Chur. The spermogones are abundant 
as large, prominent, deep orange-red tubercles or cones, scattered towards the 
periphery of the thallus. They are most easily seen when moistened. The sper- 
matia are sub-ellipsoid, atomic in size, seated on the apices and sides of arthro- 
_ sterigmata which resemble those of Physcia parietina. 


Species 7. P. aureum, Scher., 


A beautiful native of the Alps and Pyrenees. : 
Specimen 1.—Scu&ZRER exs. 165 (sub Lecidea) ; in the fissures of calcareous — 
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rocks among the Alps. The spermogones are largish tubercles, seated at the 

corners of the squamules, and about the periphery of the thallus, sometimes also 

scattered among the apothecia. They are usually flattened on the top, are of a 

_ paler or lighter colour than the thallus, and have orange-red ostioles. The 
spermatia and sterigmata are those of the —* species. 


Species 8. P. scorigenum, Mont. (sub Evernia). 
Specimen i. —Canary leiede Dr LemMAN; in Herb. Hooker, Kew. The spermo- 
gones are seated on the convexities of the lacinize as orange papillee or tubercles, 
which are much lighter in colour than the disks of the apothecia. The sper- 


matia are rod-shaped, and about ath long; the arthrosterigmata are those of the 


two preceding species. This plant comes very close to Physcia. villosa, both in regard 
to its spermogones and apothecia ; so close, indeed, that, were a trivial difference — 
in the character of the thallus overlooked, it might almost be included. 


Species 9. P. elegans, DC., 


One of the most widely-spread species of Placodium, occurring in Europe, naps 
Asia, and Abyssinia. It is also one of the most beautiful species. 
Specimen 1.—Var. miniatum, Scu#RER exs. 338 (sub Parmelia dlegans a. 
| iia ; on sunny stones among the Alps. The spermogones resemble in site 
and external appearance, as well as internal structure, those of the following 
species. They are small orange-red tubercles, scattered about the ends of the 
lacinise. The spermatia are sub-ellipsoid or rod-shaped, atomic as to size, seated 
on indistinct 


Species 10. P. murorum, DC., 


A familiar and beautiful species. Its spermogones, in to site, 
outward appearance, and internal structure, closely resemble those of Physcia 
parvetina. They afe small papillze or warts, scattered about the periphery of the © 
thallus, isolated or grouped two or three together. Their colour is somewhat 
deeper than that of the thallus. They sometimes resemble nascent apothecia. 
The ostiole is usually minute, round, and imperceptible; occasionally it has a 
thick margin, and sometimes it is fissured. The greatest diameter of the spermo- 
gone is ;th. ‘The internal tissue is hard, dense, whitish, opaline. The form of 
the body of the spermogone is. oblong and irregular; the cavity is divided into 
many sinuosities. ‘The gonidic layer of the thallus sometimes girds the immersed 
body of the spermogone, which is more usually directly plunged in the white medul- 
lary thalline tissue. The sterigmata are ramose, and are composed of almost 
solid, cubical cellules. The epremaeiin are es and wey in length from 
to ath. 

Specimen 1.—Leicu10n exs. 113 (sub Parmelié): on mortar, ruins of Tong 
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Priory, Shropshire. The spermogones are small orange tubercles, scattered 
about the periphery of the thallus. 

Specimen 2.—Var. lobulatum, Fik. ; on limestone, Blackrock, near Cork; coll. 
CaRRoLL; associated with var. stella, Ach. of Verrucaria nigrescens, Pers. 
The spermogones are somewhat abundant and distinct as minute, sub-irregular, 
deep orange-red papillee, scattered over the convexities of the lacinie, and about 
the periphery of the thallus. They are usually more or less isolated. Both the 
thallus and apothecia have an orange-yellow colour; and hence the spermogones, 
from their brilliant red tinge, are sufficiently conspicuous, especially under mois- ‘ 
ture. The spermatia are rod-shaped, very abundant, about ;;;th long, and ostath 
broad, on arthrosterigmata which measure ;;,th long, and sath broad. P. silts 
pismum has similar spermogones. There is no sufficient distinction between — 
P. murorum and P. callopismum, unless that the apothecia in the latter are gene- 


rally more of a red colour than those of the sorter: I refer the latter to the former 
as a mere variety. as 


XV. 
SECTION I. Licurna Tribe. 


GENUS I. Epnese, Fr. Born. 


ae sixes of the spermogones of this genus will be sufficiently. illustrated 
that of the of i. pubescens, its best-known species. 


Species l. E. Fr. 


Which occurs both i in Northern America and in Europe (Syn. Cornicularia, ok 

Stigonema atro-virens, Agardh.) The filiform segments of the thallus, near their 
tips, exhibit two forms of swellings of their substance. The one is spherical or 
ovoid, and largish; the other is fusiform, elongated, and much smaller. The first-— 
mentioned swelling contains the endocarpous apothecium, the last-mentioned the — 
spermogone. But these two forms of swelling, or in other words, apothecia and 
spermogones, never occur on the same segment of the thallus, nor even on the same 
tuft of the plant. Apothecia are found on one tuft or specimen ; spermogones on 
another. But both organs have the same relative position on the segments of the 
thallus. The spermogonal ostioles or pores are extremely minute and inconspi- 
cuous. The envelope is formed of the same kind of cells as those which enter 
into the structure of the exciple or perithecium of the apothecia; they are of a 
bluish-green colour. The sterigmata are very delicate linear cells, branching 
slightly below, resembling those of Ramalina. The spermatia are oblong, with 


* The other genera of the Lecanorei will be found included in my Memoir on the Spermo- — 
gones and Pyenides of Crustaceous Lichens. Vide foot-note, p. 280. 
t A good account of the minute structure of its spermogones will be found in Bornet’s “ Ré- 


cherches sur la Structure de ’Ephebe pubescens, Fr.” Annales des Sciences Naturelles, 3d Ser. 
Botanique, vol. xviil., 1852, p. 161. 
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truncate ends, given off as terminal cells or articulations from the apices of the 
sterigmata. 
Specimen 1.—Mr Harnriman,—probably from some of the northern counties of 
England, though no habitat is given; in Herb. Hooker, Kew. The spermogones 
are abundant as small, but, under the lens, distinct, spherical swellings of, or 
tubercles attached to, the filaments or segments of the thallus; they are of a 
brown colour, while the thalline filaments are of a deep bottle-green. The sper- 
inatia are sub-ellipsoid, about sth to jth long, and x oth broad, given off from 
the tips of delicate, linear, simple sterigmata, about ;;th to jth long, and of equal 
_ breadth with the spermatia. Some’of the sterigmata, especially in old spermo- 
gones, become elongated and hypertrophied, projecting into the free cavity of the 
spermogone as in /tamalina, and in many Parmeliw. NYLANDER has seen the 
‘same phenomenon, but he describes it as an abnormal condition. On this subject, 
I would only refer to what I have already said under the head of Placodium cir- 
cinatum (p. 263). Ephebe pubescens is sometimes confounded with Parmelia— 
lanata, to which it certainly bears a considerable resemblance. This mistake 
has occurred in Herb. Menzies, Royal Botanic Garden, Edinburgh (pro parte). 
The character of the apothecia, the stronger segments of the thallus, and the dif. 
_ ferent spermogones, will at once, however, serve to distinguish the two plants. © 


GENUS II. Licwina, Ag. 


“The spermogones of Lichina, to a certain extent, resemble those of Ephebe ; but 
they are greatly larger. They are seated in spherical or ovoid dilatations of the 
ramuscles or segments of the thallus. Where they are placed below the apothecia, 
as in L. pygymea, they appear mere dilatations of the thalline ramuscle as in 
_Ephebe; where they are terminal, as in L. confinis, they appear large barrel or 
tub shaped bodies, resembling the spermogones of Cladonia, except in that they 
are much larger. In the latter species, also, they are sometimes seated directly 
on the apothecia, as also happens occasionally in Cladonia rangiferina ; in such 
circumstances they are barrel-shaped, more so than when they form horn-like 
terminations to the thalline ramuscles. The ostiole is usually very minute and 

inconspicuous. The cavity is generally divided into sinuous compartments. 
The spermatia are ovoid or ellipsoid, about to long, and sath broad. 
seated on the ends of linear, simple sterigmata, about joth to jth long, sub- 
ramose at the base as in Ramalina. The presence of these spermogones is a strong 
reason, among many others, for dissociating this ene from the A ge, and placing 
it. permanently among the Lichens. 


Speciesl. ZL. pygmea, Ag. 
The spermogones, in specimens which I have examined, are terminal, occu- 
pying the same relative position as the apothecia. They are spherical, large, 
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prominent. bodies, seated like horns on the ends of the thalline ramuscles. 


NyLANDER likewise describes the spermogones as terminal ; but TuLAsNE describes — 


and figures them as seated immediately below the apothecia, and on the same 
ramuscles therewith. The cavity of the spermogone is divided into compart- 
ments, which are very tortuous and narrow. The spermatia are oblong, and i im- 
bedded in abundant mucilage. 

Specimen 1—Le1Guton exs. 260; Torquay, Devonshire. The plant appears 
to be spermogoniferous only: no apothecia are found; but the very plentiful 
spermogones closely resemble apothecia. They are seated at the angles of the 
fastigiate extremities of the thalline segments as very large and prominent 
spherical bodies of the same colour as the thallus. The ostiole is very minute 
and imperceptible. The spermogonal wall or envelope consists of large, oblong 
cells, of an olive-brown colour, closely aggregated into a compact cellular tissue. 


By placing the ends of any of the thalline segments, bearing spermogones, 


between glass slides in water, and applying pressure, under the microscope, 
the spermatia may be seen issuing from the spermogonal ostioles in myriads. 
They are ellipsoid or oval corpuscles, about jz¢sth long, and sath broad, or 


almost atomic as to size, and are given off from the ends of ee linear — 


sterigmata, about long, and branching below. 


Species 2. L. conjinis, Ag. 


According to ToLaane, the spermogones of this species are either terminal, 
occupying the position I have described those of the preceding species to occupy, 
or they are seated immediately on the apothecia. They are smaller than those 
of Z. pygmea. The position on the apothecia may be supposed in this and other 


eases to favour the supposition that the contents of the spermogones exercise a 


direct, and probably a fertilizing, influence on the contents of the apothecia. But 
it must be remembered that this site is not a very usual one among the lichens. 
The spermatia are about ;mth long, and jath broad, on sterigmata which 
_ ‘Measure about j,0th to saath long, and are and as in L. pygmea. 


SECTION IL. ‘COLLEMA Tribe. 
GENUS I. SywaLissa, DR. 


This genus has the external aspect of Collema, both in ial to its dian 
and spermogones. But the spermatia are developed from the apices only of very 


delicate, linear, simple sterigmata, which resemble those of Ramalina. The sper- 
matia are among the smallest known, being about xonth long i in S. micrococca ; 
they & are usually rod-shaped or ellipsoid. 


Species 1. symphorea, DC., 


(Syn. S. lichenophila, DR.,) which occurs equally. in Africa and Europe. This 
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plant appears to include Collema synalissum, Ach. L. U. 640; Synalissa Acharii, 
Trevis, Hepp. exs. 89; Collema stygium, var. incisum, Scher. Enum. 260. 
According to Nytanper, this species is dicecious,—the spermogones and apo- 
thecia occurring on separate plants. The spermatia are oblong, or oblong-ellip- 
soid, about ‘soqoth- Jong, and oth broad, given off as terminal cells or articula- 
tions from the tips of very delicate, linear, simple sterigmata, precisely like those 
of Ramalina. 

Specimen 1.—Sand-hills, Dunfanaghy, County Donegal, Ireland ; Prof. Dicxir, 
- 1858. About the name and nature of this plant, I am extremely diffident and 
doubtful. It occurs in very small patches, and only a few fragments were sent 
to me for examination. The apothecia are endocarpous, and constitute spherical 
bulgings at the ends of the lacinise ; they somewhat resemble those of Lichina 
pygmea. The spores are ellipsoid,—1-3 septate,—normally the latter. The 
spermogones appear also to be terminal, small, spherical bodies,—resembling 
outwardly, except as. to size, the apothecia,—round which they are clustered. 
The spermatia are sub-ellipsoid, and very small. The sterigmata are not dis- 
tinctly seen. In S. micrococca, a French species, the spermatia are atomic as e.- 
size, being about x, ssoth long, and a little swe in n breadth, according to NYLANDER. _ 


GENUS. AE Cities, DR. and Mont. 


This genus: closely resembles Collema in its thallus and in its spermogones,— 
inthe latter, both as — their site, appearance, and contents. — 


“SPECIES 1. O. pulvinata, Scher., 


Which appears to include Collema stygium, var. pulvinatum, Scheer. exs. 435. 
Specimen 1.—Associated with Pannaria triptophylla, var. nigra ; on limestone 

rocks about Yeadon, Yorkshire ; coll. Dr Carrineron. Of this plant I am not 
at all sure. I have examined only a sifiall fragment, and that not. bearing apo- 

thecia. The spermogones are abundant on the tops of the turgid warts, which 
form, or occur on, the margins of the lobes. They are pale, brownish-yellow, 
immerseddisks, disti nct when moistened from the contrast of their colour with 
_ the dark bottle-green of the thallus. The spermatia are rod-shaped and small, 
and the articulated, just as in Collema. 


GENUS III. Ach. 


| The spermogones of this genus are always immersed in the tissue of the 
- thallus, and more or less inconspicuous, unless the thallus is moistened. In this 
case, they become frequently very distinct, from the contrast of their pale, 
brownish, or brownish-yellow colour, with the dark-green of the thallus. They 
are distinctly circumscribed, round, hard disks, when distributed on the flat 
surface of the thallus ; when marginal, —seated on the and sub-erect 
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margins of the lobes,—they are usually tubercles or warts, resembling frequently 
knobs or buttons. In the latter case, they give the margins of the thallus a den- 
ticulate or warted character. Sometimes, though rarely, they are found both on 

the sub-erect margins and on the flat surface of the thallus near the margin, as 
jn some forms of C. melenum. From their pale-yellowish or buff colour, and 
discoid form, they frequently resemble seeds imbedded in the thallus. Sometimes 
they are of a greenish tint, having acquired some of the colouring matter of the | 
thallus. The size of the spermogones is pretty uniform; in C. plicatile, the 
breadth is th to wth. The envelope is of a brownish or yellowish cellular 
tissue. The ostiole is generally brown, minute, and round,—central,—of a deeper 
colour than the rest of the organ. Sometimes it becomes, in the old state, patent: 
and conspicuous. The spermogone is not easily enucleated, from its adhesion to 
the surrounding tissue of the thallus, especially when the latter is moistened and 
gelatinous. It is generally necessary, for the examination of the spermogones of 
Collema under the microscope, with a pair of very fine-pointed scissors to cut away | 
_ a portion of the margin of the lobe, with one or more spermogones included, making 
the incision, if possible, through a spermogone. On subjecting such a section to 
pressure between glass slides, in a drop of water under the microscope, the emission — 
of myriads of spermatia may be easily seen. These spermatia are in all cases 
short, rod-shaped, and with obtuse ends; they vary in length from jth to issth, 
—the majority being about ath to sath long, with a breadth of sith to ssoth. 

The sterigmata, in all specimens examined by me, are articulated,—sometimes 
--ramose,—about ,jth to ath long, composed of short, roundish, or cubical cells, 
with thinnish walls compared ioe the component articulations of the arthro- 
sterigmata of Sticta. 3 


SPECIES 1. C. auriculatum, Hoffm. 


Seerinani 1.—Scu#rer exs. 432 (sub Parmelia granosa a. vulgaris ; on 

stones among moss, Switzerland. There are two specimens, neither of them 

_ bearing apothecia; on the right-hand specimen in my copy (original ed., 1842), 

_ Spermogones occur. In external form, situation, and structure, esd — re- 
| semble those of Leptogium saturninum. 


Spucizs 2. C. flaccidum, Ach., 


A and familiar species, occurring in Europe, Asia, Northern 
America, and New Zealand. The. fact of a variety pyrenodes being mentioned 
by Frorow shows that the spermogones of this species have not escaped the 
attention of the older lichenologists. He evidently alludes to the spermogones 
as his ‘* Pseudo-peritheciis minutissimis, fusco-atris, vertice poro vertusis.” 
Specimen 1.—On Aghalie Bridge, Lagan Canal, Ireland; D. Moore ; in Herb. 
Carroll; with apothecia. The spermogones are small, brownish-yellow disks, 
immersed in the substance of the thallus, and scattered about the margins of its’ 
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lobes, on their flat surface. They are conspicuous when moistened, amid the 


dark-green thallus. | 

Specimen 2.—Malham, Yorkshire; Dr Carrincton, 1857. The spermogones 
are brown disks or warts,—distinctly perforate or ostiolate on the apex,—scat- 
tered over the surface of the lobes among the —— and — nascent 
apothecia. 

Specimen 3.—Var. furcum, Stroove Head, County Donegal ; Prof. Dickie, 
1852. This is a form with a furvous or granulate thallus; it includes Collema 
rupestre, Scherer exs. 412, and is probably also what NyLanper describes as 
C. furcum. The spermogones are dotted about the margins of the lobes, on 


_ their flat surface. They are very minute, pale, brownish-yellow disks,—distinct 


when the thallus is moistened,—imbedded amid the dark-green tissue of the 
thallus. The spermatia are about long, and jth broad, 


seated on the — and sides of long arthrosterigmata. 


Species 3. C. furvum, Ach., 


Which occurs alike in Northern America and in Europe. This I regard simply as. | 


a variety of the preceding, characterised by the possession of a granulate and 
rough thallus. 


Specimen 1—Scuarer exs. 414 (sub Parmelia rupestris B. furca, c. fuli- 


_ginea); on stones and the trunks of trees, Switzerland. The spermogones 
closely resemble those of Leptogium tremelloides. They are round disks, of a 
~ yellowish or light-brown colour, with a deeper brown, central, punctiform ostiole. 


They are usually indistinct amid the deep-green thallus, unless when the thallus 


is moistened, and held up between the eye and the light. They are studded 


about the edges of the lobes, on their flat surface. — 
Specimen 2.—Scu@RER exs. 499 (sub Parmelia nigrescens 6. 
on the trunks of various trees in the milder parts of Switzerland,—in my copy 
(original ed. 1843). ‘The spermogones are as described in No. 1; they are much 
less @i8tinct than in Leptogium tremelloides, on account of the very dark-green 


- colour of the thallus, and its furfuraceous surface. The spermatia are — 


about long, on arthrosterigmata about, th to ath long. 


SpEcIES 4. C. meleenum, Ach., 


~ Also occurring, like the last, in Northern America and Europe, and including, as 


a variety, C. cristatum, Scheer. Among its synonyms are Collema marginalis, 
Hook. ; Parmelia multifida 8. marginalis, Scher. En. 255, exs. 420; Collema, 
Korb. 409; Lichen jacobefolius, Bernhardi; and Lichen marginalis, E. B. The 
spermogones are immersed and discoid, as in the species already described. 
They may sometimes be mistaken for, or confounded with, a small parasitic 
Spheria, whose perithecia are similarly immersed. It is possible that WaLI- 
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rotu’s Thrombium bacillare, and Scopoui’s Pseudo-perithecia of Collema multi- 
fidum referred either to the Spheria in question, or to the memaased spermogones 
_ of the species. | 

Specimen 1 Clapham, Yorkshire ; coll. Dr Detcnton, 1855 ; a beautiful large 
specimen, with abundant apothecia. The spermogones are abundant on the edges _ 
of the plicate sub-erect lobes as distinct brownish-red warts, easily distinguished 
when moistened, on account of the contrast of their colour with that of the dark 
blackish-green of the thallus. 

Specimen 2.—Malham, Yorkshire; coll. Dr Carrincton; with apothecia. 
The spermogones aré marginal, small, brownish-yellow tubercles, very distinct 
when moistened. The spermatia are rod-shaped and very small; the arthro- 

sterigmata are short, broadish, and very irregular. 

Specimen 3.—Deer Park, Belfast ; Prof. Dicki, 1851. The spermogones are 
very abundant roundish warts, of a pale brownish-yellow colour, distinct when 
moistened. They are chiefly marginal, but are also scattered over the flat surface 
of the lobes, towards their periphery. 

Specimen 4.—Ben Bulben, County Sligo ; Prof. Dickie, 1851. The spermogones 
_are marginal, pale, brownish-yellow knobs or tubercles, but not very distinct even 
when moistened, as they partake somewhat of the deep dull-green colour of the 
thallus. The spermatia are rod-shaped, about j,o:th long, and month broad, 
seated on longish arthrosterigmata. 

Specimen 5.—Appin, in Herb. Hooker, Kew. ‘The spermogones 
are marginal, pale, brownish-yellow or buff-coloured round disks, quite resembling | 
small seeds, their colour contrasting well with the dark-green of the thallus. - 
They are still more abundant and beautiful in specimens from Ireland, Sir Tuomas 
_ Gace (sub nom. C. crispum), and from Choos, Fycunges (sub nom. C. marginale, 
var. Ach.), without apothecia. — 


Specimen 6.—ScHARER exs. 420 (sub multifida 8. 


sunny calcareous rocks, Switzerland. Spermogones occur on the left-hand speci- _ 
men in my copy (original ed., 1842). They are plentiful on the edges of the lobes, 
to which they give a buttoned or toothed character. They are small brown 
tubercles, roundish or flattened, many of them having a distinct, deepish-brown 
ostiole. The spermatia are rod-shaped, about gmth long; the arthrosterigmata — 
are pale-yellowish, thick, and irregular in outline. 

Specimen 7.—Var. cristatum, Scherer exs. 417 (sub Parmelia multifida B. 
cristata); on calcareous rocks, Switzerland. The spermogones are marginal, 
grouped, small, distinct, roundish brown tubercles; there is no very perceptible 
_ ostiole. The spermatia are rod-shaped, about cath long; the arthrosterigmata 
are very irregular in outline, and about z;th to ;;th long. | 

Specimen 8.—Var. jacobefolium (Syn. Lichen jacobefolius, Bernhardi); with 
_ lacinie narrow and much cut or dineected. A specimen from Dr Acuartivs, 1809, 
VOL. XXII. PART I. | 
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in Herb. Huoket, Kew, has the curled edges oi the lacinize studded over with very 
distinct, pale, brownish-yellow tubercle-like spermogones. 


Species 5. C. plicatile, | 
Which occurs in Northern America and a I am inclined to refer this 


species to C. pulposum. 


Specimen 1.—HeEpp. exs. 86; on the binke: of the Lake of Zurich, Switzer- 
land; with apothecia. The spermogones are réddish tubercles, seated on the 
margins of the lobes. Exs. 215 (sub C. turgidum, Ach.); on calcareous rocks, 
Switzerland. In the upper specimen, the spermogones are marginal, distinct 
tubercles, brownish-red, and with a perceptible ostiole. In the lower specimen, 


_ they are whitish or paleish-brown externally, yellow within. The — fee 


this species ¢ are sooth long, and broad. 


SPECIES 6. C. pulposum, hoki 


A vileioubiiad species, growing in Europe, Africa, Asia, and Northern indies 


Its spermogones are immersed disks or tubercles, brownish-yellow externally, 
whitish within. The ostiole, which is, in the young state of the spermogone, very 
minute, round, and inconspicuous, enlarges sometimes with age, until it forms a 
large irregular perforation or cavity. The edge of.the thallus as well as the 
exciple of the apothecia are sometimes studded over with very ows 
ragged, deep perforations, which are the ostioles of old spermogones. : 
Specimen 1.—(Sub C. chalazanum, Ach.); in Herb. Hooker, Kew; no habitat 
given,—but apparently from Dr Acuarius. The turgid margins of the thalline 
lobes as well as the exciple of the apothecium are studded over with abundant 
spermogones, which are brownish-yellow or tawny-coloured ‘round wartlets, con- 


‘spicuous amid the deep leek-green tissue of the thallus. They bear on their 
apex a deep-brown papilla, which marks the ostiole; the former is frequently 


irregular in form. The papilleeform ostiole expands with age into a large irre- 
gular perforation. The spermatia are rod-shaped, about jath long, and _ 


broad; another specimen, also in Herb. Hooker (sub nom. C. erispum, Nyl.), has 
_ the edge of the lobes profusely dotted over with spermogones. 


Specimen 2.—Lisclash, Fermoy, Ireland; coll. T. CHANDLER; in Herb. Carroll. 


The spermogones are seated on the top of tumid marginal warts; they are, as 


usual, of a pale, brownish-yellow colour. The spermatia are rod-shaped, jauth 
long, and sth broad. In specimens from Malham, Yorkshire, coll. Dr Carrinc- 
TON, the spermogones are also seated on the tops of turgid marginal warts. 
Specimen 3.—Var. tenax, LEIGHTON exs. 105 (sub Collema limosum, Ach.) ; Twy- 
cross, Leicestershire (E. B. Suppl. 2704, f.1.) The spermogones are marginal, 
brownish-yellow, distinct, circumscribed from the surrounding green of the thallus. 
Specimen 4.—Var. tenax, Hepp. exs. 87 (sub Collema multiflorum); on moss, 
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at the foot of old trurks of willows, Switzerland.’ The spermogones are tubercles 
of the same colour as the thalivs, scattered upon the edges of the lobes. The 
envelope is of a deepish-brown cellular tissue. The spermatia are in — 
rod-shaped, almost atomic as to size. — 

Specimen 5.—Var. turgidum, Scheerer exs. 433 (sub Parmelia turgida); ; on 
siliceous and calcareous stones, in sunny places, Switzerland. The spermogones 
are marginal, resembling young apothecia. I am also inclined to place here 
ScHZRER’S exs. 434 (sub Parmelia stygia 8. orbicularis), on calcareous rocks, at 
the Lake of Bienne. In this plant, also, the spermogones are marginal, and inter- 
mixed with the apothecia; they are dull-brown, small tubercles. The spermatia 
are rather longer than those in most of the species of Collema I have oe 
described. 

Specimen 6. County Wicklow, Ireland, 1845; among moss; coll. Moore, in 
Herb. Carroll. The spermogones are abundant on the margins of the lobes as 
small, pale-brown disks, distinct when moistened amid the dark leek-green of the 
thallus. The spermatia are gath long, and s;.th broad, rod-shaped ; the arthro- 
sterigmata are — and about « month broad. 


This appears to me to belong to the preceding species : ; its spermogones and 
- spermatia are the same. The spermogones, though usually of a brownish-yellow 
tint, are sometimes concolorous with the thallus. 

Specimen 1 —Leiguton exs. 106 (sub C. cristatum, Ach., E. B. 834); near 
Shrewsbury, Shropshire. The spermogones are as described in C. pulposum. In 


a specimen in Herb. Hooker, Kew, the thallus is a mass of isidioid pulvinuli, ey 


many of them tipped with brownish-yellow, discoid 


SPECIES 8. C. cheileum, Ach., 


| Which occurs in Africa and Europe. This appears to include C. crispum, Schzerer | 
exs. 425, and C. plicatile, Moug. and Nestler, 456. The thallus frequently bears 


close resemblance to that of C. melenum. 
Specimen 1 —On sand-hills, Dunfanaghy, County 


1858. The spermogones are pale, brownish-yellow, round tubercles, fringing the 
margins of the dark-green, sub-erect lobes. In another specimen from the same 
locality, they are scattered on the flat surface of the lobes, near their margin; they 
are distinct amid the dark-olive tissue of the thallus. The spermatia are rod- 
shaped, about ath long, and 34,th broad. 

Specimen 2.—On limestone, near Fermoy, Ireland ; coll. T. CHANDLER; in Herb. 
Carroll. The lobes are erect—their margins thin, wavy, and crisped or denticu- 
late from the presence of spermogones, which are small brownish-yellow buttons 

or disks. The spermatia are about jth long, and saath broad, rod-shaped, on 
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longish arthrosterigmata. Similar spermogones occur, giving a denticulate 
character to the margins of the curled lobes, in specimens from Glencairn Deer 
Park, coll. D. Moore, in Herb. Carroll. In specimens from near Galway, on 
limestone rocks, coll. D. Moore, in Herb. Carroll, and Black Rock, Cork, on 
limestone, coll. CARROLL, the spermogones are more or less closely aggregated. 


Species 9. C. microphyllum, Ach. 
Specimen 1.—Scu£RER exs. 411 (sub Parmelia nigrescens . microphylla, Sch.) ; 
on the trunks of trees, Switzerland; with apothecia. The spermogones are small 
light-brown or yellowish tubercles, scattered near the edges of the lobes, on their 


flat surface. They somewhat resemble those of Leptogium tremellouies. The | 
spermatia are — goth to sooth long. 


"SPECIES 10. ¢. nigrescens, 
A widely-spread species, which occurs in Europe, Asia, America, Polynesia, and 
New Zealand. 
Specimen 1.—Herp. exs. 216 ( sub Synechoblastus Lightf. Syn: Col- 
lema nigrescens a. vespertilio, Scheer. exs. 410; Moug. and Nestler, 164, p.p. and 
453; Leight. exs. 104); on the bark of old fruit-trees. In the right-hand speci- 


men in my copy, spermogones occur. They are wholly immersed, and are exter- 


nally of the same colour as the thallus, except the ostiole, which is of a pale-brown — 


colour and round. The ostioles pierce the apices of the thalline papillee, which 


are seated external to the region occupied by the apothecia. The spermatia are 


about auth to woth on ramose, 


Species ll. C. multipartitum, Sm. 


This European species seems clonely allied to NYLANDER’s C. laciniatum, from 
Alabania. 


Specimen 1.—Dunkerron; coll. in Herb. Hooker, The specimen 


is bad, and in small detached fragments; the apothecia are young. The spermo- 
_gones are abundant, scattered over the margins of the lacinix; seated on large, 


pale warts; sometimes confluent, and always more or less irregular. 


SPECIES 12, Collema ? eolphulinm, Leight. 
Specimen 1.—LricuTon exs. 103; on laurel and other leaves, Gopsall, Leices- 


- tershire. There are here. two distinct plants. The one occurs in small round 


scales, gelatinous when moistened, becoming, in progress of growth, palmate and 
divided irregularly. This plant has quite the aspect of Collema externally, 
but has not its structure internally. Neither has it distinct apothecia, thece, 


spores, nor spermatia. The other plant is a granular, blackish mass, occurring 
_ in round patches of varying size. It possesses Pycnides, but neither apothecia 
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nor spermogones. These Pycnides are quite superficial, removeable by the slightest 
touch; they are minute black perithecia, resembling, on the one hand, the peri- 
thecia of many Spherie, and, on the other, the spermogones of many Verrucarie 
and Graphideew. They are probably referrible to some Fungus, whose primary 
fruit does not occur in the specimens examined by me. The stylospores are plenti- — 
ful, ellipsoid, pale-yellow, simple, about sth long, and ath broad. The sterig- 
mata are very short, linear and simple. The envelope is of a deep brown. Both 
plants are altogether anomalous in their characters; and until I have further oppor- 
tunities of examining them, I do not know where most appropriately to place them. 


GENUS IV. Leprocium, Fr. | 

Asa general rule, in regard to site, external appearance, and internal struc- - 
ture or contents, the spermogones of this genus are precisely those of Collema. 
Nor am I aware of any very valid reason for dissociating Leptogium from Collema, 
as is done by NyLANDER and other modern authors. From the thallus in Lepto- 
gium being frequently more delicate and diaphanous than in Collema, and often of a 
beautiful pale-blue, or bluish-green colour, it is generally easier to see and examine 
the spermogones in the former than in the latter genus. This is especially the 
case in Leptogium tremelloides and its congeners, which possess the most beautiful — 
and easily studied spermogones in the whole family of the Collemata. The sper- 
mogones of Leptogium are always immersed, flattened disks, resembling double 
convex lenses, of a pale brownish-yellow colour, with a central, round, very minute, 
brownish ostiole. The ostiole, though usually in the mature and young state of 
the spermogone punctiform, becomes comparatively large and patent in L. satur- 
ninum, in which it sometimes gives to the spermogone the aspect of a young 
apothecium. The spermogones of Leptogium are more frequently seated on the 
_ flat surface of the lobes, near their margin, less often seated on the margins them- 
selves, than in Collema. In L. subtile, they are marginal, giving a denticulate 
character to the edges of the lobes, as in many Collemas. In L. fragile and L. 
 phyllocarpum, they occur both on the margins and on the flat surfaces of the lobes, 
near their margins. Some forms of the beautiful LZ. tremelloides have distinctly 
denticulate lobes, from the presence of marginal spermogones, though generally, 
in this species, these organs are scattered over the flat surface of the lobes, near 
_ their periphery or margins. In L. tremelloides, the marginal spermogones are 
sometimes distinct largish cones, with a brown apical ostiole. The plant then © 
resembles somewhat variety denticulata of Parmelia perforata. In this form of 
L. tremeiloides, the body of the spermogone sometimes falls out in age, leaving 
smail cup-like cavities, which give to the margin of the thallus a notched and 
very irregular character. The spermatia and ree! in Leptogium are precisely 
those described as belonging to Collema. | 
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Species l. L. fragile, Tay]. 

Specimen 1.—On limestone, probably from Dunkerron, Ireland ; coll. TAYLOR 
himself; in Herb. Carroll (Syn. Collema fragile, Tayl., “Fl. Hib.” 109; Scher. 
Enum. 259). The plant is allied to L. cretaceum, but its thallus is much larger. 
TayLor remarks, ‘“ Marginal lobes rough with wrinkles and granules ;” and again, 
‘“ their upper surface rough with granules, concolorous with the thallus, clustered, 
of different sizes, globular, yet flattened at the top.” The granules described so 
minutely by TayLor are the spermogones of the plant. These organs are scattered — 
abundantly over the flat surface of the lobes of the thallus, towards its periphery, 
sometimes extending nearly to the centre of the thallus. They never fringe the 
margins of the lobes. They are pale, brownish-yellow, discoid, immersed bodies, 
precisely resembling those of the majority of the Collemas. They are very con- 
spicuous when moistened, under the lens. ‘The spermatia are rod-shaped, about 
inwth long, and broad, on arthrosterigmata having the characters of those 
of Collema. | 
Species 2. L. subtile, Nyl., 

Which includes, as a variety, L. diaphanum, Ach. | 3 

Specimen 1.—Var. diaphanum, Philippine Islands, Cumine ; in Herb. Hooker, 
Kew (sub. nom. Collema erythrophthalma, Tayl.) The margins of the extremely 
delicate thalline lobes are fringed with very minute, pale, brownish-yellow sper- 
mogonal warts, which constitute a series of teeth or denticulations, —re : 
those met with in South American forms of L. tremelloides. 


Species 3. L. tremelloides, Fr., 


A cosmopolite and very beautiful species, which includes, as varieties, the L. 
azureum, L. marianum, and L. marginellum of authors. 

Specimen 1.—On. trees, Muckross Woods, Killarney, Ireland ; ‘el. CARROLL ; 
with apothecia. This is one of the best species of Leptogium in which to study its 
spermogones. In this specimen, however, they are well seen only when moistened. 
They are abundant, resembling grains of mustard-seed, studded along the edges - 
of the lobes; their colour is of a pale brownish-yellow, which contrasts strongly 
with the dark leaden-gray of the thallus. Each spermogone is pierced centrally 
by a very minute pore or ostiole. The spermatia are rod-shaped, about ;, rzonth 
long, and broad. 

_ Specimen 2.—Graham’s Town, Oni of Good Hope ; ; in Herb. Hooker, Kew. 
The spermogones are scattered outside the region of the dpothecia,. on the flat 
surface of the thallus, not on its margins. They are aggregated or grouped in 
- considerable numbers as small, regular, roundish or flattened warts or papille, — 
concolorous with the thallus. The body of the organ is semi-immersed only, 
and consists of a hard, whitish kernel; the ostiole is minute, punctiform, and 
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brown. The spermatia are rod-shaped, about ;,th long, and siath broad; the 
arthrosterigmata are about ;;th long. 

Specimen 3.—Schooley’s Mountains, North America, June 1856; cull. Dr A. 
0. Bropre. The spermogones are easily mistaken for young apothecia; they 
form small, slightly elevated, flattened tubercles on the surface of the thallus, 
about its periphery. They somewhat resemble grains of sago; are very distinct. 
from the contrast of their pale colour with the dark-green of the thallus; and are 
roundish and hard, having an obscure, minute ostiole. The spermatia are rod- 
shaped, about ;ath long, on arthrosterigmata resembling those of Collema. 

Specimen 4.—ScHARER exs. 260, associated with Nephromium tomentosum, var. 
helveticum, Black Forest, Switzerland ; coll. Hocusterter. The spermogones are 
plentiful about the margins of the lobes of the thallus. They are distinctly 


circumscribed, palish-yellow or whitish disks, round, flattened, with a distinct = 


brown punctiform ostiole. 

Specimen 5.—South America, Humbotpt; in Herb. Hooker, Kew (sub nom. 
Collema olivaceum, Hook.) The thallus is very delicate, diaphanous, and of an. 
olive-green colour; the lobes are Jarge and rounded. The margins are beautifully 
denticulate, being fringed with spermogones, which look like so many minute 
teeth. These organs are small but well-formed cones, each marked with a brown, 
punctiform, apical ostiole. The cones are distinctly circumscribed ; the base of 
the buff-coloured spermogone not passing into, but being clearly distinguishable 
from, the deep leek-green colour of the thallus. The body of the spermogone some- 
times falls out, and then small cups or cavities are left, which give to the margins 
of the thallus an irregularly notched character. The spermatia are rod-shaped. 
about sth long, and broad; the arthrosterigmata are about long. 


Species 4. L. phyllocarpum, Pers., 


Which is common in tropical countries. ctoe 
Specimen 1.—On bark, St Vincent, West Indies ; in Herb. Hooker, Kew. The 
margins of the lobes are studded over with distinct, small, brownish-yellow sper- 
mogones, of the character of the marginal spermogones of Collema. Similar sper- 
mogones occur plentifully in specimens from Surinam, ex. Herb. Miguel ; also in 
Herb. (sub nom. L. marginellum, Mont. 


5. L. saturninum, Ach. 


‘Senn 1 —SCH#RER exs. 423 (sub Parmelia myochroa « a. saturnina) ; 
on the trunks of trees in the warmer parts of Switzerland. The spermogones are 
quite those of L. tremelloides, except that they are less distinct on account of the 
deeper colour of the thallus. They occur on the right-hand specimen in my copy 
(original ed., 1842). They abound on the margins of the lobes as pale disks, im- 
mersed, with a more or less distinct brown punctiform ostiole. The latter some- 
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times expands, with age, to such an extent as to give the aeermogine the appear- 
ance of a young apothecium. The spermatia are rod-shaped, about goth long, on 
arthrosterigmata about ath to «oth long. The spermogones and — of 
L. Hildenbrandii, Garov., are similar to those just described. 


GENUS V. Onryzum, Wallr., Tul. 
This genus is represented by its single species, O. corniculatum, Wallr. It 


possesses angiocarpous apothecia, which are so small that they are very apt to 


be overlooked, unless very carefully sought for. The spermogones are also very. 
small and inconspicuous; they are scattered about the ends of the lobes, and 
generally resemble those described under Collema. Their diameter is about sth. 


The plant closely resembles Leptogium palmatum ; but its angiocarpus be lees | 
distinguish it. | 


[The Author has embodied his Researches on the Spermogones and Pycnides 
of Crustaceous Lichens in a separate Memoir, similar in length to the foregoing | 


- Memoir, and illustrated by an equal number of drawings. This Memoir on Crus- 
taceous Lichens will include one or two genera, such as Endocarpon and Nor- 


mandina, which have not strictly a crustaceous thallus, but which, nevertheless, it 
would be inconvenient and unscientific to consider apart from their ally,—the - 
extensive and important genus Verrucaria. It will also include the Calicei (genera 
Sphinctrina, Calicium, and Coniocybe), which are usually associated in classifica- 
tion with the Spwrophorei, but which have a horizontal crustaceous thallus, on 
which the spermogones are seated, or in. 1 which they are contained or immersed. ] 
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EXPLANATION OF PLATES" 


ILLUSTRATIVE OF DR LAUDER LINDSAY’S MEMOIR ON THE SPERMOGONES AND 


PYCNIDES OF LICHENS. 


PLATE IV. 


 Tllustrative the genera Hoffm. ; Nevrorocon, Nees Flot.; Avecroria, Nyl. ; 


Fig. 
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Fig. 
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Fig. 


12. 


13. 


and Cutorea, Nyl. 


. Usnea barbata, Pr. . Var. plicata, Fr., from California ; showing the long pendulous ramules 


covered over with spermogonal warts. 


. Spermogones from the same specimen, more highly signified. 
. U. barbata, Fr., from Tasmania; showing spermogonal warts covering the cilia, which 


radiate from the margins of the apothecium. 


. U. barbata, Fr,, var. hirta, Fr., from Rio Janciro, Portion of thallus profusely covered ee 


with small spermogonal warts, most of which have black-punctate ostioles. 


’ Spermogonal warts from the same specimen, more highly magnified. 
. U.barbata, Fr. Section of a spermogone, showing the ostiole a ; the multiple or compound 


cavity 6, dividing into numerous anfractuosities, or compartments with sinuous walls ; 
c, the gonidic layer of the thallus; d, the white medullary tissue, composed of delicate 
branching tubes; ¢, the cortical layer of the thallus, consisting of closely egpregnet 
irregular cells. 


. U. barbata, Fr. Sterigmata a, and mpermitis b. Elongated, branching, delicate filaments, 


which project from among the spermatiferous sterigmata, ¢ (in right-hand figure). 


; “—o and spermatia of the same species, from a Tasmanian specimen. The letters - 


b, have the same reference as in fig. 7. 


melaranthus, Ach. a, The- black fusiform of the ramuscles, the seat of 


the compound or confluent spermogones. 


. Portion of one of the spermogoniferous ramuscles more highly magnified. 
. Sterigmata and spermatia of NV. melazanthus ; specimen from Hermite Island, Cape Horn ; 


a, sterigmata; 6, spermatia. | 
Alectoria Taylori, Hook., from Kerguelen’s Land : a, apothecium ; b, Lecidea alectorie 

mihi, dotted over the under surface of the apothecium, and over the surface of the thallus. 
A. Taylori, showing the tips of the ramuscles, black and warted from the presence of the 


spermogones b ; a, an — young ; ¢, apothecia immersed, punctiform, and black, 
of Lecidea alectoria 


* The microscopical analyses were silat made with the combination of powers of Nachet’s microscope (Petit 


_ modéle of 1851), which magnify 380 diameters. 
The ences. is the scale of yzgpth of an inch, to “~~ the sterigmata, spermatia, and stylospores are drawn :-— 


The fragments of thallus bearing spermogones or pycnides are mostly magnified more or less, in order that these 


organs may be the more easily recognised. The sections of spermogones, which are mostly diagrammatic, are also 


variously magnified. 
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EXPLANATION OF PLATES. 


Portion of tip of one of the ramuscles—spermogoniferous—more highly magnified. 
Section of the compound spermogones of A. Taylori: a, ostioles ; b, cavity of apermnogons. 
Sterigmata a and spermatia b of same species. 


Alectoria jubata, Ach.; Scherer’s “Lich, Helvet. exsic.,” Nos. 392 and 496, showing the — 
pycnides at the angles of the ramules. 


Sterigmata and stylospores of same species: a, sterigmata or basidia; 8, stylospores, still 
fixed or adherent to the sterigmata ; c, free stylospores, apparently devoid of contents ; 
d, free stylospores, with nucleiform contents. 


A. lata, Tayl., Nyl., from Mexico. Sterigmata a and spermatia }, * 
Chlorea vulpina, Nyl., from Germany, showing the black punctiform spermogones at a. 


Portion of the same thallus more highly magnified, showing the pres more dis- 
tinctly. 


Chlorea vulpina growing on the Wellingtonea gigantea of California : a, punctiform spermo- 
gones ; b, Phacopsis vulpina, Tul., parasitic on its thallus. | 


Portion of the thallus of C. vulpina, highly magnified, showing the small barrel-like or 
wart-shaped spermogones a. 


Section of a spermogone of C. vulpina: a, ostiole ; b, cavity; ¢, walls, consisting of sterig- 
mata; d, gonidic layer of thallus; e, medullary tissue of thallus ; ; J, cortical layer of 
thallus. 


C. vulpina ; Scherer exs,, 390. 
C. vulpina; Rocky Mountains. } Sterigmata a; spermatia b; basal cellular tissue c. 


vulpina ; Germany. 


Piste 


Illustrative of the genera Evernia, Ach., Nyl.; Ramaxina, Ach., Fr. and Tuamno.ia, Ach., Schar. 


Fig. 1.:Evernia furfuracea, Mann. ; Scherer exs.. 387. Portion of extremity of thalline segments : 


Fig. 


Fig. 


a, minute punctiform spermogones ; b, brown tips of ramuscles, resembling spermogones 
of Cladonia ; c, furfuraceous or isidioid warts of thallus, 3 


. E. furfuracea; Ingletorough, Yorkshire: a, punctiform immersed spermogones ; b, brown 


tips of ramuscles, resembling the spermogones of Cladonia. 


E. furfuracea ; Scherer exs., 387. Sterigmata a; spermatia b; sterile elongated filaments 
of spermogone ; basal cellular tissue d. 


E. furfuracea ; Orizaba, Mexico, Sterigmata a. and spermatia b. 
. E, Richardsoni, Hook. Portion of thallus magnified, chowing the marginal spermogcues, 


_ resembling those of Cetraria Islandica: a, seated on marginal processes ; 6, immediately 
marginal, 


. Ramalina calicaris, Fr., var. frazinea, Fr. (= ampliata of authors), Hepp. exs., 167: a, 


apothecia; b, wart- like spermogones. 


. Portion of the thallus more highly magnified, showing the very sich ee spermogones, and 


their pale ostioles a. 


. Section of the thallus of same species, showing spermogones a in different stages of develop- 


ment; b, ostioles. 


. R. calicaris, var. fravinea, Sterigmata a, spermatia b, and network of elongated branching 


filaments c, which fill the spermegonal cavity: basal cellular tissue d. 


. R. calicaris, var. frazinca. Section of a spermogone: a, ostiole; b, cavity divided into 


_ several compartments, with sinuous walls; c, inner wall of spermogone, consisting of 
- sterigmata; d, gonidic layer of thallus ; e, medullary tissue ; f, cortical layer of thallus. 


. R. calicaris, var. fraxinea, Scherer exs., 554, Sterigmata a and spermatis b. 


a ceruchis, Ach.; Chili. Sterigmata a and spermatia b. 


1 
| 
| 
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3. 
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. Ramalina scopulorum, Ach,; Leighton exs.,2. Portion of thallus, showing a, apothecium ; 


b, irregular wart-like spermogones, mostiy with black-punctate ostioles. 


. R. scopulorum, Scherer exs., 554. Sterigmata a and spermatia b. 
. R. polymorpha, Ach.; Leighton exs., 78. ‘Thallus very much warted with confluent sper- 


mogones /. 


. R. terebrata, Tayl. Flat thalline segments covered with irregular spermogonal warts.. 
. Portion of thallus more highly magnified to show the mearias spermogonai warts, and 


their pale ostioles 0. 


. Sterigmata a, spermatia }, sterile branching filaments ¢, ‘riick occupy the cavity of the 


spermogone in the same species; basal cellular tissue d. 


. Tharmolia vermicularis, Scher., Falkland Islands, dotted over the 


vermicularia mihi a, 


. I vermicularis, Scherer exs., 86 ; baarhig large, distinct, wart-like spermogones aa. 
. Some of the same spermogones more highly magnified, — the very pale, inconspicuous, 


stellate-fissured ostiole a. 


. Section of one of the same spermogones: a, ostiole; 6, cavity ; c, inner wall formed of 


articulated sterigmata ; d, operon a medullary tissue of thallus; f, cortical tissue of 
thallus. 


. Sterigmata a and spermatia b from same specimen (Scher. exs., 86). 
. Section through the thallus of 7. vermicularis, showing the immersed apothecia of Lecidea 


vermicularia ; a, with a convex surface ; b, with a flat or sub -depressed surface ; c, young, 
not yet bursting through the cortical layer of thallus. 


. Spores of Lecidea vermicularia ; Falkland Islands. 


PLATE VI. 


Mlustrative of the genera Roccetxa, Bauh. ; Dacryiina, Nyl.; Durourga, Ach., Nyi. 


Acroscypuus, Lév., Tul.; Srergzocauton, Schreb. ; and Spuzropnoron, Pers, 


. Roccella fuciformis, Ach., dotted over with black, punctiform, immersed spermogoncs.: 
. Portion of the thallus more’ highly magnified, showing some of the spermogones to be 


papilleform ; the black ostiole seated on the apex of a thalline papilla. 


. R. fuciformis, Ach.; Scherer exs., 553. Portion of the thallus magnified, showing the 


confluent ostioles, seated on the apices of Jarge, irregular, thalline papilla. 


. R. fuciformis, Ach.; west coast of Africa; used in the manufacture of Orchil by Messrs 


Robinson, Huddersfield. Portion of thaliee magnified, showing the punctiform spermo- 
gones scattered alike over the apothecia a and thallus. 


Section through the spermogoues of R, fuciformis, showing their papillesform 


and the frequently depressed ostiole a. 


. Sterigmata and spermatia of R. fuciformis, Ach.; Africa. 
. R.tinctoria, Ach. Thickest Lima “ Orchella Weed.” Portion of thallus, Diieilie difform 


apothecia a, and punctiform or sub-papilleform spermogones b. 


. Section through same spermogones, showing the depressed form of ostiole a, 
. Portion of thallus of same species magnified, showing the papillaform spermogones a. 
. Portion of thallus of same species magnified, showing a difform apothecium a, and confluent 


ostioles seated on large irregular thalline papille b. - 


. Two spermogones of same species more highly magnified, showing the confluent ostioles a. 
. Sterigmata and spermatia of the same species. Figs. 8-12 are } taken from Lima specimens 


of commercial Orchella Weed. 


. Sterigmata and spermatia from other specimens of R. tinctoria, Ach. 
. Free, curved, or twisted spermatia of the same species. 
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Fig. 15. Roccella Montagnei, Bél.; Angola, Africa. Portion of thallus magnified, showing a, the 


ordinary punctiform immersed spermogones ; }, large lecidine superficial spermogones ; 
and c¢, cavities left by the falling out of the old lecidine spermogones, 


' Fig. 16. Portion of the same thallus more highly magnified, showing the same punctiform or sub- 


papilleform spermogones a, and lecidine ones b. 


Fig. 17. Sterigmata and spermatia of same lichen. Some of the sterigmata a become Saibiaaie 
and elongated with age. The cavity of the spermogone is occupied by : a network of 

| delicate ramose filaments b, resembling those of Ramalina. 

Fig. 18, 2. intricata, Mont., from Coquimbo. Sterigmata and spermatia. . : 

Fig. 19. 2. mollusca, Ach. (olim Dufourea), from Cape of Good Hope. Portion of thallus magni- 

fied, showing an apothecium a, and punctiform or papilleform sae aa b. 

Fig. 20. Sterigmata and spermatia of same species. 

Fig. 21. Dufourea madreporiformis, Ach., from Switzerland, Portion of thallus magnite, show- — 

ing the punctiform spermogones b. | 

Fig. 22. Sterigmata and spermatia of same species. 

Fig. 28. Dactylina arctica, Hook., collected — Franklin’s first voyage. to the Polar regions. 
Sterigmata and spermatia. 

Fig. 24. Acroscyphus spherophoroides, Lév., from Sikkim, Himalayas Portion of end of one of 


the thalline ramuscles, showing ‘the spermogone (and its ostiole) a, resembling that of 
Spherophoron coralloides, Pers. 


Fig. 25. Section of one of the spermogones of same plant. The letters have the same references as 


‘in fig. 30. 


‘Fig. 26. Sterigmata and spermatia of same plant. 
Fig. 27. Stereocaulon ramulosum, Sw., from Tasmania. Portion of the ultimate — of the 


thallus, showing the roundish or wart-like spermogones a, 


Fig. 28. Some of the same spermogones, more highly magnified to show the sainhe-nenwal, indigo- 
blue-coloured ostiole a. 


Fig. 29. Section through one of the same spermogones : a, ostiole; 6, body of the spermogone. 


Fig. 30. Section, much more highly magnified, through one of the same spermogones : a, ostiole ; 


b, cavity, divided into numerous sinuous compartments ; d, gonna ¢, medullary tissue 
of thallus ; f, cortical layer of thallus. 


Fig. 31. Sterigmata and spermatia of same lichen. 


Fig. 32. Two fragments of the same lichen, Pete the spermogones b, forming a sort of oqtter 
round the apothecia a, 


Fig. 33. S. denudatum, Fik., from Antrim, lidaad, ‘End of a thalline ramuscle magnified show- 
the crowded wart-shaped spermogones a. 


Fig. 34. Spermatia of the same plant, partly straight, partly curved. 


_ Fig. 35. S. alpinum, Laur.; Ben Nevis. End of a thalline ramuscle, showing the crowded wart- 


like spermogones a. 


Fig, 36. S. paschale, Fr., from near Bonhard, Perth. End of a thalline ramuscle, magnified to 
show the terminal wart-like spermogones a. 


Fig. 37. Some of the same spermogones more highly magnifies, showing the stellate-fissured 
ostiole a. 


Figs. 38 and 39. Sterigmata a spermatia from specimens of §, paschale, from Bonhard. 


Fig. 40. S. Argus, Tayl., from Campbell’s Island, Portion of end of one of the thalline ramuseles, 
“ showing an apothecium a, and a collar of wart-like spermogones b. 


Fig. 41. Portion of ends of thalline ramuscles of same plant magnified, showing terminal spermo- 
gones a, the segments bearing no apothecium. 


Fig. 42. Sterigmata and spermatia of same plant. 


Fig. 438. Spherophoron compressum, Ach., var. australe, Laur., from New Zealand. Portion of under-. 
surface of thallus magnified, showing the round ring-like ostioles of the spermogones a. 


| 
| 


Fig. 


Fig. 
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Spharepheten compressum, Ach., var. australe, Laur., from New Zealand. Specimen re- 


sembling S. coralloides, Pers., in its terminal spermogones a. 


. S. compressum, Ach., from the Auckland Islands. Portion of end of one of thalline 


segments, magnified to show the apothecia a, and the grouped spermogones b. 


. Portion of a ramuscle, bearing spermogones a, still more highly magnified. 
7. S. compressum, Ach., from Tasmania. Sterigmata and spermatia, with the network of 


elongated ramose filaments, which occupy the cavity of the spermogone a. 


. S. coralloides, Pers., from Cleveland, Yorkshire, showing abundance of — papille- 


form brown spermogones a. 


| Tip of one of the spermogoniferous ramuscles more highly magnified, ain the ostiole a. 
. Section of one of the spermogones. The letters have the same references as in fig. 30. 
. Sterigmata and spermatia of same species. 


. S. fragile, Pers., from Craig-y-Barns, Dunkeld. Portion of the peti satin the same — 


terminal spermogones a as in S. coralloides, Pers. 


. S. tenerum, Laur., from Hermite Island, Cape Horn. Portion of thallus — show- 


ing the grouped a, 


Prats VII. 
of the genus CLApoNIA, Hoffm. 


, Cladonia deformis, Hoffm., from Ben Nevis. Portion of a podetium, showing the barrel- 


shaped spermogones a. 


. The same spermogones isolated and more highly magnified a, ostiole. 
. Section of one of the same an pg a, ostiole; 6, cavity; ¢, inner wall of spermo- 


gone consisting of sterigmata ; d, gonidia ; :/. medullary ‘tissue; f, cortical layer of 
thallus. 


. C. deformis, Scherer exs., 49. Podstonm, showing pycnides b, black, punctiforin, immersed. 


C. bellidiflora, Scher.; Ben Nevis. Portion of a podetium, showing brown barrel-shaped 
spermogones a. | 


. One of the thalline folioles, with its spermogone more highly magnified : a, ostiole ;. 6, 


body of spermogone. 


. C. bellidiflora, Ben Nevis: a, apothecium ; b, terminal spermogones resembling those of 


C. rangiferina. 


. C. bellidiflora, Scherer exs., 39. Spermogones a, on a scyphus 5. 
. Three of the same spermogones highly magnified : a, oaticle ; b, body of spermogone ; ¢, thal- 


line papilla. 


y barrel-shaped spermogone, also highly magnified : a, ostiole ; b, body. 
. C. uncialis, Hoffm.; Schwrer exs.,82. End of a podetium, showing the terminal horn-like 


spermogones a. 


. Variously-shaped spermogones of the same species magnified : a, ostiole; b, body. 
. Terminal spermogones a, on podetia resembling those of C. rangiferina. : | 
. C. uncialis, deformed from being the seat of Lecidea cladoniaria mihi, whose pycnides, b—~ 


_ black, punctiform, immersed—resemble spermogones : a, spermogones of C. uncialis. 


. Section of deformed bullose portions of thallus of C. uncialis, from Birnam Hill, Dunkeld, 


showing the immersed pycnides of Lecidea cladoniaria mihi: a, old; 6, young. 


. Sterigmata a, and stylospores b, of above pycnides : c, free stylospores, some of them with 


oily contents. 


. C. aggregata, Sw., Eschw. Portion of thallus, showing the terminal barrel-like spermogones 
at a, 


}. Portion of thallus, containing on same eae Aces a, and spermogones 6. 
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Fig. 19. 
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Two of the barrel-shaped spermogones greatly magnified ; a, ostiole; b, body. | 
Cladonia aggregata; New Zealand. Sterigmata a, spermatia b, elongated sterile filaments c, 
Section of a spermogone : the letters have the same reference as in fig. 3. 


C. retipora, Ach., Flk.; Tasmania. Portion of the cancellated thallus, showing the terminal 
horn-like spermogones at a. | 


Spermogones of the same, highly magnified: a, ostiole; b, body. 


C. rangiferina, Hoffm., ; Blaeberry Hill, Perth. Portion of the thallus, showing the termi- 


nal spermogones at ‘4. Here they are erect. 
Portion of thallus, showing. spermogones a, on the nodding apices of the ultimate ramuseiee, 
Spermogones highly magnified : a, ostioles; 6, body. 


C. rangiferina, from Tasmania. Terminal spermogones a, very minute, and ihe thallus 
very delicate and attenuated. 


C. rangiferina ; Long Island, U.S., America. Sterigmata a, spermatia b ; sterile, clon 
gated, branching filaments c, which occupy the cavity of the spermogone, 


C. rangiferina ; Tasmania. Sterigmata a, spermatia b, and elongated branching filaments c. 
C. rangiferina ; Long Island, U.S., America... Spermogones a, seated on the apothecium 6. — 


Portion of thallus bulging and si at c, the warts resembling spermogones; @ and b 


refer as in fig. 30. 


C. amaurocreea, Fik., var. in Bab. ; New Zealand. Portion of thallus,-show- 


ing a, terminal spermogones, aud b, lateral spermogones ; in both cases 8 barrel-shaped 
_and large. 


Spermogones isolated and highly magnified : a, ontiobe b, body of spermogone. 
Sterigmata a, and spermatia b c, of same species—c fixed, and b free spermatia. 


C. macilenta, Hoffm. ; Scherer exs,, 337. . Showing the spermogones a, fring- 
ing the margin of a scyphus. 


Sterigmata a, and spermatia b, of same species. 
One of the spermogones highly magnified ; a, ostiole; 6, body. 


. C. macilenta ; var. cornuta ; Scherer exs., 337. Spermogones a, on margins of narrow 


scyphi, borne on the ends of long slender podetia. 


. C. macilenta, var. polydactyla, Flk.; Scherer exs., 454. Spermogones a, or 


barrel-shaped, fringing a scyphus. 


. C. macilenta ; Schwrer exs., 36. Spermogone aie and isolated, on end. of a long, 


delicate, linear podetium : a, ostiole ; b, body. 
C. macilenta ; Scherer exs., 337, Sterigmata a, and spermatia be [b fixed, c free]. 


Prate VIII. 
Illustrative of the genus Cuaponta, Hoffm. 


. Cladonia alcicornis, Flk., from Craigie Hill, Perth; magnified: a, horizontal diliasoens 


thallus, bearing on its surface sessile, barrel-shaped spermogones b; c, a pope, 
having ' the margin of its scyphi fringed with abortive spermogones, 


. One of the same spermogones isolated, showing the largish regular ostiole a, 
. C, alcicornis, Flk.; Leighton exs., 15. Under surface of horizontal thallus, dotted over 


with papilleform and punctiform pycnides a, 


4, Sterigmata a, and spermatia bc, of C. alcicornis ; Scher. exs., 455 ; b fixed, c free spermatia. 
. Spermogones, a, fringing margin of scyphi of same plant ; Leighton exs., 15. 
. C. gracilis, Fr., var. cervicornis, Ach., from Morchone, Braemar: a, henlaiatel foliaceous 


thallus; 6, a podetium, rereens in a scyphus fringed with barrel-shaped spermo- 


gones 
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. Cladonia gracilis, Fr., var. cervicornis, Ach., from Muckish Mountain, Ireland. 


Fig. 9. 


Fig. 
Fig. 


Fig. 35. 


Fig. 36. 


. C. gracilis, Fr.; Scherer exs., 641. 


. One of the same spermogones more highly magnified : 
. C. gracilis, Fr.; Falkland Islands. Degenerate and old sterigmata, —s elongated 


. Same plant. 


. C. pysidata, Fr. ; Scherer exs., 58, 


. C. pyxidata, Fr.; Sligachan, Skye. 
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One of the same spermogones isclated and more highly magnified, showing ostiole a. 

A deformed 
podetium, studded over with abortive or degenerate spermogones a. | 


C. gracilis, Fr.; Scherer exs., 66: scyphus bearing a, apothecia, and 8, barrel-shaped 
marginal spermogones. 


. One of latter more highly magnified : a, diiale: b, body. 
. C. gracilis, Fr., from Tasmania. A barrel-shaped spermogone a, forming the apex of a long, 


slender, tapering podetium 5. 


Scyphi, showing marginal toath-like spermogones a; 
_ 6 [in lower figure] an apothecium ; ¢ [in upper figure] a secondary sterile podetium. 
a, ostiole ; 6, body. | 


and sub-ramose. 


C. gracilis, Fr. ; Scherer exs.,67. Sterigmata also old and degenerate, becoming elongated — 


and ramose; their ramifications forming a network of filaments, which occupy cavity 
of old spermogone. 


. C. pywidata, Fr.; Scherer exs., 53. A seyphus fringed with ‘eteahuiah barrel shaped 


spermogones a. 


. Two of the same more highly magnified : a, ostiole ; 6, body. 
. C. pywidata, Fr.; Scher. exs., 268. A scyphus bearing a, apothecia; and 6, marginal 


spermogones. 


A barrel-shaped spermogone terminal on a slender tapering. podeti um ; 
_ a, ostiole. 


A scyphus fringed with large spermo- 
gones a. 


. The same species; Long Island, N onli America. A scyphus, bearing marginal spermo- 


gones a, and secondary tapering sterile podetia b. 


Surface, as well as margins, of seyphus, studded over 
with spermogones a. 


; . Two of the same spermogones more highly magnified : a, wiliele: 6, body. 


. C. pyxidata, Fr.; Dumfries. A scyphus bearing large marginal spermogones : a. 


. Sterigmata a, a spermatia b, of the same plant. 

. C. fimbriata, Fr.; Scherer exs., 589. A scyphus bearing large omaiaal spermogones a. 
27. C. fimbriata, Fr.; Scherer exs., 640, Sterigmata a, 
fmbriata, Fr. ; 


and spermatia bc [5 fixed, ¢ free]. 


; Derry, Ireland. Scyphus bearing an — a, and epee b, 
both on its surface and margins. 


. Sterigmata a, and spermatia b, of the same plant. 
. C. degenerans, Flk.; Scherer exs., 274. Scyphus bearing ciatee’ large spermogones a. 
. C. cenotea, Scheer. 


C. Papillaria, Hoffm.; Scherer exs., 511. Irregular deformed studded over with 


Scyphus bearing marginal spermogones a, 


horn-like or barrel-shaped spermogones a. 


- C, Papillaria, Hoffm. ; Scherer exs.,512. Mature podetium, bearing confluent apothecia b ; 


young podetia c ; brown lecidine spermogones seated on the horizontal granulose thallus a. 


. C, Papillaria, Hoffm.; Scher. exs,, 511 and 512. Sterigmata a, and spermatia bc [b fixed, 


e free]. In the right-hand figure the sterigmata are old and degenerate, becoming elon- 
gated and ramose. 


C. furcata, Scher., var. racemosa, Scher. 
shaped spermogones a. 
One of the same santa en more highly magnified: a, the lish regular ostiole; 5, body. 


Portion of thallus, = the terminal barrel- 
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aN- 37. Cladonia furcata, Scher., var. racemosa, Scher. ; Dumfries. Sterigmata a, and spermatia 6c 
[6 fixed, ¢ free]. 

Fig. 38. Sterigmata a, and spermatia 6 ¢ [b fixed, ¢ free], ‘rum other specimens of the same plant. 
In the left-hand figure the sterigmata are old and degenerate d, bearing no spermatia. 

Fig. 39. C. squamosa, Hoffm. ; Glen Callater, Braemar, Portion of thallus, showing terminal sper- 
mogones at a, and sessile ones scattered indiscriminately over the podetium at b, 

Fig. 40, C. squamosa, Hoffm.; Scher. exs., 74. A scyphus, bearing marginal large barrel-s 
spermogones a, and secondary scyphi, which are fringed with small, tooth-like, abortive 
spermogones b. 

Fig. 41. The same plant; Scher. exs., 73. Portion of the end of a podetium, showing an apo. 
thecium a, and terminal barrel-shaped spermogones b. 


Fig. 42. C. squamosa, Hoffm., var. cespititia, Ach. Portion of thallus, bearing an apothecium a, 
and several sessile barrel-shaped spermogones b. | 


Fig. 43. One of the same spermogones more highly magnified : a, ostiole ; b, body. 


Piate IX. 


Illustrative of the genera Hoffm.; Peiticera, Hoffm, ; Nepuromivm, Nyl. ; 
Sororina, Ach. ; Cerraria, Ach., Nyl.; and Pratysma, Hoffm,, Nyl. 
Fig. 1. Umbilicaria hyperborea, Hoffm., var. convoluta mihi; Brandon Mountain, Ireland. Por- 


tion of thallus, showing a, apothecia; b, spermogones, perched on the summit of the 
thalline convolutions or papillee. ce 


| Fig. 2. Section through thallus showing the said convolutions a, and spermogones b. 


w 


. Two of the thalline papille 6, with spermogones a on their apices ; ¢, ostiole. | 


Fig. 4. Section of a spermogone : a, ostiole ; b, cavity; c, inner wall of spermogone, consisting of 


sterigmata ; d, gonidia; e, medullary tissue of thallus; /, cortical tissue of thallus. 
Fig. 5. U. hyperborea, var. convoluta mihi. Sterigmata a, and spermatia b. 


Fig. 6. U. polyphylla, Hoffm.; Braemar. thallus, the minute 
3 black spermogones a. 


Fig. 7. Section of the thallus, showing the immersed spermogones a. 


Fig. 8. U. cylindrica, L., Fr.; Muckish Mountain, Ireland. Showing the minute black —— ; 
form spermogones a. 


Fig. 9. U. cylindrica; Ben Lawers. Showing largish papillaform spermogones a a. 


Fig. 10. The same; showing a, an spethorinms, and 8}, wart-like spermogones, with — black 
ostioles. 


Fig. 11. U. cylindrica; Braemar. Portion of thallus, showing largish punctiform ontioles. a of 8 sper 
| mogones, each ostiole forming the centre of a black spot or areola. 
Fig. 12. U. cylindrica ; Braemar. Ostioles a, with their surrounding areole 6, isolated and greatly 
magnified. 


Fig. 13. Section of thallus, showing co spermogones a. At b the spermogones have fallen out, 


and have left ssucer-like cavities. 


Fig. 14. U. cylindrica; Ben Lawers. Section of thallus, spermogones b, with 
| large ostioles a ; ¢, fibrille or fixuree of under surface of thallus. 


Fig. 15. Section through thallus, in another specimen of same species, — the papilleform 
spermogones a4, 


Fig. 16. Section through thallus, in another specimen, also showing eub-pepilinhiem spermogones a. 


Fig. 17. Section through thallus, in another specimen, showing spermogones with depressed ostioles a. 


Fig. 16. U. proboscidea, JC. ; Lochnagar. Monophyllous thallus, showing sub-papillaform sper- 
mogones b ; a, umbilicus or point of adhesion. 


Fig. 19. Section through thallus, showing papillaform spermogones a. 


‘Fig. 20. U. polyrrhiza, L. ; Lochnagar, Monophyllous thallus, showing papilleform spermogones a. 


| 
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, Section through thallus, showing the immersed spermogones a. 

. Umbilicaria erosa, Hoffm. Monopbyllous thallus, _—" the minute, black, papilleform 
spermogones a. 

. Section through thallus, showing the immersed spermogones a. 


. U. hirsuta, DC.; Hepp. exs., 117. Portion of thallus, showing a, apothecia ; b, papille-— 


form spermogones ; ¢, marginal cilia of thallus ; 4, cavities with irregular edges, left 
by the falling out of the apothecia. 7 


. Section through thallus, showing a, an apothecium ; }, immersed spermogones, 


. U.papulosa, Ach. ; Schooley’s Mountains, North America. Specimen showing a, apothecia; 


b, spermogones,—very minute, black, punctiform, frequently zeated on the pustules 
of the thallus. 


. Section through thailus, showing a, an apothecium ; 6, immersed spermogones. 

: Neprhomium tomentosum, Hoffm. ; Scher. exs., 259. Portion of margin of thallus, show- 
ing marginal spermogones : a, papilleeform ; b, wart-like; c, young. 

. Section of one of the same spermogones : a, ostiole ; b, body of spermogone. 


Portion of margin of thallus of another specimen of the same plant (Scher. exs., 259), 
showing the spermogones a, seated on the ends of digitate processes: 


_N. tomentosum, Hoffm.; Sikkim, Himalaya, Large barrel-shaped spermogones 6, perched on — 
the apices of digitate processes c, of margin of thallus: a, ostiole. | 


. Two of the same spermogones more highly magnified: a, ostiole. — 


. Section of one of the same spermogones: a, ostiole ; b, cavity; c, ~~ d, gonidia ; 
e, medullary tissue of thallus ; /, cortical layer of thallus. 


. Sterigmata and spermatia of same plant. 
. Solorina saccata, Ach., bearing on its surface Spheria urceolata, a; ; Hepp. exs., 475. 


Cetraria Islandica, Ach. Portion of thallus, — the marginal cilia a, which bear 
the spermogones. 


. Portion of same thallus magnified, showing the same cilia and the barrel-shaped spermo- 
gones a at their tips. 


. The same spermogones still more highly magnified: a, ostiole. : 

- Portion of thallus of another specimen of the same plant, showing abortive siaiaiied cilia a. 

. Sterigmata and spermatia from different specimens of C. Islandica. 

Fig. 41. C. aculeata, Fr.; spermogones highly magnified: a, ostiole. ; 

Fig. 42. Platysma nivale, L.; Leight. exs., 43. Portion of thallus, showing the . black, sean rinanet 
marginal spermogones a. 

Fig. 48. Portion of same thallus magnified, to show the same spermogones : a, scliale,. 

Fig. 44, Section of one of the same spermogones. The letters have the same references as in fig. 33. 
Fig. 45. Sterigmata and spermatia from different specimens of P. nivale, L. 


Fig. 46. P. sepincolum, Hoffm.; Cleveland, Yorkshire. Thallus showing brown ppillform sper- 
mogones a. 


Fig. 47. Some of the same spermogones mailed: a, ostiole, — 
Fig. 48, _Sterigmata and spermatia of same lichen. 


Fig. 49. P. cucullatum, Hoffm.; Scher. exs., 18. Portion of thallus, showing the black, shactitiles 
| marginal spermogones a, 


Fig. 50. Sterigmata and spermatia of same plant. 


Fig. 51. P. + uoiperinans, L.; Scher. exs., 20, Thallus showing the black, wart-like, marginal sper- 
mogones a. 


_ Fig. 62. Sterigmata and spermatia of same species. | 
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Prats X. 


Illustrative of the genera Puatysma, Hoffm. Nyl.; Ricasoxta, DN., Nyl.; and Srieva, Ach. 


Fig. 
Fig. 
Fig. 
Fig. 


Fig. 
Fig. 


Fig. 


Fig. 


Fig. 
Fig. 


Fig. 


Fig. 


Fig. 


Fig. 


Fig. 


Fig. 


Fig. 
Fig. 


Fig. 


Fig. 


Fig. 


2. 
3. 
lacunosum, Ach., var. B atlanticum ; Tuckerman exs., 6. Portion of thallus, the 


21. 


22. 
23. 


Platysma ciliare, Ach.; Schooley’s Mountains, North America. Showing the marginal 
denticulate spermogones a, 


Portion of edge of thallus magnified, showing the barrel-shaped spermogones ; a, ostiole. 
Sterigmata a and spermatia } of same species. 


marginal button-shaped spermogones a. 


. Portion of edge of thallus, magnified to show the marginal spermogones a. 
. Ricasolia herbacea, DN., Inverary. Portion of thallus, Sah a, apothecia ; and b, 


papillzform or mammilleform spermogones, 


. Two of the spermogones more highly magnified, showing a, a simple ostiole; and b, a 


 gtellate-fissured ostiole. 


. Section of thallus, showing a, an apothecium ; 6, mammillar spermogones. 
. R. herbacea, from Sikkim, Himalayas. Portion of thallus, showing marginal toothlike | 


spermogones a, as well as the ordinary mammilleform ones b. 


. Two of the same marginal spermogones more highly magnified : a, ostiole. 
. R. herbacea, Sterigmata a and spermatia b. 


. R. glomulifera, DN.; Inverary. Portion of thallus, showing a, apothecia ; ; b, mammille- 


form spermogones ; and a glomerulus.” 


. Sticta glabra, Tayl.; Falkland Islands. waren of thallus, showing a, iedtade: and 


papilleform spermogones, 


. Sections through thallus, showing the spermogones in different phases of development : a, 


body of spermogone ; papilleform ostiole. 


. S. linearis, Tayl.; Tasmania. Portion of thallus, showing a, apothecia ; and 6, brown 


punctiform immersed spermogones, scattered chiefly on the ruge. 


. S. damecornis, Ach., var. macrophylla, Hook. ; or Portion of thaline, showing 


a, apothecia ; and b, mammilleform spermogones 


. Two of the same spermogones, isolated and sieduitied to > show a, a simple ostiole—young ; : 


and b, a stellate-fissured ostiole—old., 


. Section of one of the same spermogones. 
. Sterigmata a and spermatia 6 of the same lichen. — 
. §. flavicans, Tayl. ; Falkland Islands, Portion of thallus, showing the sub-marginal 


papilleform spermogones a, and the bright-yellow medullary tissue apponring in a 
fissure of the cortical layer of the thallus at 6. 


Portion of another specimen of game plant, showing both papilleeform @ and punctiform | 
 b spermogones ; the latter occurring chiefly on the ruge of the thallus. 
Section of thallus, showing both papilleeform a and punctiform b spermogones. 


S. orygmea, Ach.; Auckland Islands, Portion of thallus, showing a, apothecia; and 6, sub- 
papilleform spermogones, seated both on the ruge and about'the margins of the thallus. 


Figs. 24 and 25. Sections of thallus, showing a, an apothecium ; and b, spermogones. 


Fig. 26. S. carpoloma, Del. (= S. impressa, Tayl.); New Zealand. Portion of thallus, showing a, . 


apothecia ; and 6, minute brown punctiform immersed spermogones, mostly seated on 
the ruge. 


- Fig. 27, Section of thallus, showing the same spermogones a, 
Fig. 28. S. filicina,. Ach., var. Menziesii, Hook. fils. ; New Zealand. Section 


showing the spermogones a seated in cavities 6 of thalline papille. 


Fig. 29, S. pulmonacea, Ach.; Glen Muick, Braemar. Portion of thallus, showing the brown, 


- minute, punctiform, immersed spermogones a. 
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Pirate XI. 
Illustrative of the genus Parme ia, Ach., Nyl. 


Parmelia tiliacea, Ach.; Tasmania. Portion of thallus, showing a, spite b, papille- 
form spermogones ; and c, punctiform spermogones. : 

Section of thallus, ge both papillaform and punetiform spermogone with depressed 
ostioles: a, mature ; 6, young. 

P. tiliacea; Scherer exs., 358. Sterigmata and spermatia: a, sterigmata, composed of a 
few irregular articulations ; b, spermatia—attached, acicular—double the length of those 
at ¢, which are free; d, network of ramose, delicate filaments, which grow from among 
the sterigmata into the cavity of the spermogone; ¢, basal tissue from which the sterig- 
mata spring. 

P. perforata, Ach.; Rio Janeiro. Portion of thallus, showing a, apothecia, erticate i in 
the centre, and with a ciliated border; 5, punctiform, black, immersed spermogones. 

P. perforata ; North America. Sterigmata and spermatia: a, sterigmata, composed of a 
few delicate articulations ; 6, spermatia—free—acicular ; ¢, network of ramose fila- 
ments, which occupy the cavity of the spermogone ; d, basal tissue, which forms the 
outer wall of the spermogone. 

P. perforata, Ach., var. denticulata mihi; Nepal. Portion of edge of thallus, diowiiig the 
large barrel-shaped marginal spermogones : a, satiole ; 6, body of the spermogone. 

One of the same spermogones more higuly magnified : a, ostiole; 6, body of spermogoue ; 
c, margin of thallus. ie 

P. perlata, Ach., var. ciliata, DC. ; Crinan Canal, Argyleshire. Portion of thallus, show- 
ing papilleform spermogones at a, and punctiform ones at b. 

Section of thallus, showing both these forms of spermogones: a, papilleform ; 5, punet- 
form, with sub-depressed ostiole. 

Sterigmata and spermatia from same specimen : a, sterigmata, composed of several irregular 
articulations or cellules; b, free acicular spermatia; c, network of anastomosing fila- _ 
ments, which occupy cavity ‘of spermogone ; d, basal tissue, which forms outer wall of 

P. perlata ; Scherer exs., 360. Portion of thallus, showing spermogones a, which are 
brownish, semi-pellucid, resembling sago grains. | 

P. perlata (= P. hanes Fée) ; Cuba. Sterigmata a, spermatia b, and basal cellular 
tissue c. 

P. caperata, Ach. ; beni Portion of thallus, showing papilleeform or wart-like sper- 
mogones at a, and punctiform ones at b, 


Sterigmata and spermatia.from same specimen. Letters have same references as in fig. 12. 
P. Borreri, Ach.; Penzance, Cornwall. Portion of thallus, showing % omen; and 
b, punctiform, black, immersed spermogones. : 


P. acetabulum, Dub.; Scherer exs., 547. Portion of thallus, showing a, seidieaila b, 
papilleform spermogones ; ¢, punctiform ones. 

Section of thallus, showing the same spermogones, both papillxform a, and punctiform: be. 

P. acetabulum ; Scherer exs. 547. Sterigmata and spermatia: a, sterigmata, composed 
of severai irregular cells or articulations ; 4, spermatia attached to apices of individual! 
articulations of the sterigmata; c, network of anastomosing filaments, which occupy 
the cavity of the spermogone; d, basal tissue. 


P, acetabulum (= P. corrugata, Ach.); France. ee and spermatia. Letters have 
same references as in fig. 12. 


XII. 
Illustrative of the genus Panmetia, Ach., 


Parmelia physodes, Ach. ; Knock Hill, Crieff. Portion of thallus bearing aptheia a, and 
black, immersed spermogones b. 
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. Parmelia physodes, Ach.; Cleveland, Yorkshire. Portion of a thalline lacinia, showing 


parasitic fungi a, associated with the punctiform spermogones of P. physodes; and 
b, marginal soredia. 

. P. physodes, Ach.; Scher. exs., 367. Portion of thallus, showing brown, semi-pellucid, 
lecidine spermogones a, and marginal or terminal soredia b. 


. P. physodes, Ach.; Moncreiffe Hill, Perth; bearing on its thallus the parasitic Lecidea 
 Smithi, Tul, a; 6, terminal soredia ; c, cavities left by the falling out of the apathecia 
of L. Smithii ; d, punctiform or papilleeform pycnides of L. Smithii. 


. Section through the above thallus, showing the relative position and size of the apothecia a, 
and pyenides 6, of L. Smithii. 


. Spores of Lecidea Smithii, Tul. 


. P. physodes, Ach.; Ardrum, Cork. Sterigmata ind spermatia, as wal as the network (a )- 
of ramose filaments, which occupy the spermogonal cavity. 


8 a. P. physodes, Ach., var. enteromorpha, Ach,; Tasmania. Portion of thallus hearing an 


apothecium a, and punctiform spermogones 6, on broad bullose laciniw. 8 b shows 
another specimen of the same plant, with narrow segments, bearing at their ends - | 
same punctiform spermogones c. 


. P. physodes, Ach., var. enteromorpha, Ach.; Falkland Islands. Sterigmata, spermatia and 


 ramose spermogonal filaments. 


. P. Kamtschadalis, Ach. ; California. Portion of thallus, bearing apothecia a, and puncti- 


form spermogones b. 


. Sterigmata, spermatia, and ramose ‘ininiiel Pee of the same plant. 
. P. encausta, Ach.; Hepp. exs.,40. Portion of thallus, showing the very abundant puncti- 


form spermogones a. 


.. P, encausta, from Morchone, Braemar. Thallus showing a, papilleform spermogones ; b 


an apothecium. 


. Section through the same spermogones, showing the depressed urveclate ostiole a. 
‘ Magnified section of one of the same spermogones: a, ostivle; }, cavity occupied by a 


network of ramose filaments ; ¢, sterigmata; d, gonidia ; e, medullary tissue of thallus ; 
f, cortical layer of thallus, 


. Sterigmata, spermatia, and ramose spermogonal filaments of P. encausta, from Morchone. 
. P. sazatilis, Ach. Portion of thallus, showing the punctiform, black, immersed spermo- 


gones a. 


. P. saxatilis, Ach. ; Storr Rock, Skye. Portion of thalliia, dts the abundant brown 


punctiform spermogones a. 


. Sterigmata and spermatia of P. sazatilis, Ach., from Bunbeg, Ireland : a, satiials of anas- : 


tomosing filaments, which occupy spermogonal cavity. 


. P. sazatilis, Ach., var. suleata, Tayl.; Derry, Ireland. Pectin of thallus, showing | 


spermogones ‘and pycnides, intermixed and outwardly indistinguishable from each 
other, a. 

. saxatilis, Ach., var. Tayl. ; Connemara : a, stylospores ; 6, spermatia. 

. sazatilis, Ach., var. omphalodes, Ach. ; Donegal, Ireland. Portions of thallus magni- 
fied, showing the stellate-fissured ostioles (a) of the immersed spermogones. 


. saxatilis, var. omphalodes ; Birnam Hill, Dunkeld. Portion of thallus, showing largish 
papilleform spermogones a. 


. saxatilis, var. ompholodes ; Loch Prenibis: Amulree. Portion of thallus magnified, 
showing the papilleform spermogones, with stellate-fissured ostioles a. 


. Sections of the same spermogones: a, papilleform ; b, the usceolate cavities left after the 


falling out of the bodies of old spermogones. 


. P. sinuosa, Ach., var. hypothriz, Nyl. (= P. carporrhizans, Tayl. ); Nyl., “ Lich. Paris.” 


Portion of thallus, showing a, apothecia; b, papilleform spermogones ; °, punctiform 
spermogones. 
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Parmelia sinuosa, var, hypothriz, N yl. L. P. Sterigmata and spermatia. 

P. sinuosa, Ach,, var. erratica mihi; Melbury Hill, Dorsetshire : oldish 
with stellate-fissured ostioles ; b, youngish spermogones. 


P. sinuosa, Ach., var. levigata, Tayl. ; Connemara, Ireland. Portion of thallus showing 
a, punetiform spermogones ; b, ‘terminal soredia. 


sinuosa, Ach., var. Caracensis, Tayl.; Caracas, Sterigmata and spermatia : 
of anastomosing delicate filaments, which occupy cavity of spermogone. 


conspersa, Ach. Portion of thallus, showing a, apothecia, the exciple being studded 


P. a, network 


over with punctiform spermogones ; b, the punctiform spermogones, friquestly with a” 


stellate-fissured. ostiole in old state. 


conspersa, Ach., minor form; Leight. exs., 79. 
punctiform spermogones a. 


conspersa, Ach., major form ; Scher. exs., 379. Portion of — showing a, papillae. 
form, and 6, punctiform spermogones. 


conspersa, Ach., major form ; Scher. exs., 379. Sterignista 


conspersa, Ach., bearing on its thallus the parasitic Lecidea oxyspora, Tul. ; Hepp. xs, is 
87: 4a, apothecia ; and 5, spermogones and pycnides, intermixed, of oryspora, Tul, 


Section showing the relative position and size of the same apothecia, spermogones, and 
pycnides: a, apothecia ; bc, spermogones ; d, a pycnide. 


P. conspersa, Ach, Sterigmata and spermatia. 
The same, from Scher. exs., 379. 


P, Tasmarica, Tayl.; Tasmania. Portion of thallus, showing a, and 6, spermo- 
genes, punctiform or papilleform. 


Sterigmata and spermatia of the same lichen. 

P. colpodes, Ach. (=P. Michauzxii, Ach.) ; North America. Sterigmata and spermatia. 

P. mutabilis, Tay]. ; Uitenhage, South Africa, Sterigmata, spermatia, and ramose filaments 


Narrow lacinia quite covered with 


‘Pate 
Illustrative ee the. genera PARMELIA, Ach., Nyl.; and Puyscta, Fr., Nyl. 
Portion of thallus, showing an apotheciam a, 
and marginal wart-like spermogones b. 


. Section of the same spermogones: a, papilleform, with a depressed ostiole ; , a 


papilleform, young; ¢, urceolate cavity left by panay « out of an old epermogons ; d, 
flattened, with depressed ostiole. _ 


Sterigmata and spermatia of same plant. 


. P, Faklunensis, Ach.; Cairngorm, Braemar. Portion a thallus, showing the marginal 


wart-like spermogones a. 


. Some of the same spermogones magnified : a, Ponts or regular oto b, stellate-issured 


ostiole, 

Section of one of the same spermogones : a, ostiole; b, cavity ; 3 ¢, sterigmata d, omiiia: : 
e, medullary tissue of thallus; /, cortical layer of thallus, 

Sterigmata and spermatia of same plant. 

P, stygia, Ach. ; Ben Nevis. Portion of thallus, bearing b. an apothecium ; , papilleform 
spermogones. At c the spermogones are old, and exhibit largish irregular gaping ostioles. 

Section of the same spermogones: a, eens c, with depressed ostiole ; 6, cavities 
left by falling out of old spermogones. 

P. olivacea, Ach., var. Ach. ; on trees, Morchone, Portion of thallus, 
showing a, apothecia ; ; b, very minute punctiform spermogones, seen only when the 
thallus is moistened. | 
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Fig. 11. Section of the same spermogones, showing the depressed form of ostiole a. 
Fig. 12. Sterigmata and spermatia of same plant, 


Fig. 13. Physcia villosa, Dub., var. Dickiana mihi, Belfast. Portion of thallus, showing apothecia «, 
and beautiful large orange-coloured spermogones b. 


Fig. 14. Section of same plant, showing the relation of the apothecium a to the spermogones b, 
The apothecium is dotted over with the small black perithecia of a parasitic fungus. 


Fig. 15, Section of one of the same spermogones : a, ostiole; b, cavity; c, sterigmata; d, gonidia ; 
e, medullary tissue of thallus ; f, cortical layer of thallus. 


Fig. 16. Sterigmata and spermatia of same plant. 
Fig. 17. P. leucomela, Mich.; Cork. Portion of thallus, bearing black papilleform spermogonés a, 
Fig. 18. Sterigmata and spermatia of same plant. » 


Fig. 19. P. ciliaris, DC.; Balthayock, by Perth. Portion of thallus, showing a, large, irregular, 
| wart-like spermogones, frequently confluent, and with stellate-fissured ostioles ; 5, brown 
papilleform spermogones ; and c, punctiform spermogones, as in Scher. exs., , 388. 


Fig. 20. One of the large papilleform spermogones magnified : a, ostiole. 
Fig, 21. Sections of the same spermogones. 


Fig. 22. P. stellaris, Fr., var. tenella, Scher.; Penmanshiel, Berwickshire. Portion of thallus, 
bearing a, apothecia ; and 6, papilleform spermogones. 


Fig. 23. P. stellaris, Fr., var. tenella, Sch. Sterigmata and spermatia from different specimens— 
| Scher. exs., 348 ; exs., 349; and exs., 352. 


Fig. 24. P. stellaris, Fr. (= Parmelia aipolia, Auctt.) Portion of thallus, showing numerous 
papilleform spermogones a. 


Fig. 25. Another specimen of the same plant, havin = instead of black, oe spermo- 
gones a, 


- Fig. 26. Some of the same spermogones magnified : a, ostiole: 
Fig. 27. P. stellaris, Fr.; Scher. exs., 350. Portion of thallus, showing spermogones grouped o on 


wart-like prominences of thallus a, 
Fig. 28. Parmelia stellaris, Fr. (= Parmelia aipolia, Auctt.) Sterigmata and spermatia. 


Fig. 29, P. stellaris, Fr., var. albinea, Ach, (= Parmelia erosa, Borr.); Falmouth. Sterigmata and: 
spermatia, 


Fig. 30. P. cesia, Fr.; Skye. Portion of ey, showing papilleform spermogones a, and terminal 
soredia b. 


Fig. 31. Sterigmata and spermatia of same plant. 


Fig. 32. P. obscura, Fr. ; Rescobie, Forfarshire. Portion of thallus, welee the minute, brown, 
papilleform spermogones a. 


Fig. 33. Some of the same spermogones magnified: a, ostiole. 

_ Fig. 34. Sections of the same spermogones. — 

Fig. 35. P. obscura, Fr, . Sterigmata and spermatia. 

Fig. 36. P. obscura, Fr.; Cork; bearing on its thallus the parasitic Lecidea obscuroides mihi a. 


Fig. 37. Sections of the apothecia of L. obscuroides, — them in different ong of development : 
a, mature; 6, c, young. 


Fig. 38, Theca and spores of the same Lees. 


Piatz XIV. 
Illustrative of the genera Purse 1A, Fr., Nyl. ; PANNABIA, Del., Nyl. ; and Coccocanpra, Pers., Nyl. | 


ce ae Physcia parietina, L., var. polycarpa, Ehrh. ; Hepp. exs., 54. Purtion of thallus, showing 
the numerous crowded apothecia a, and the papilleform spermogones b. 


Fig. 2. P. parietina, L., var. laciniosa, Scher. ; Scher. exs., 383: a, orange-coloured pair 
spermogones, | 


: 


Fig, 12. 
Fig. 13. 


Fig. 14. 
Fig. 15. 
Fig. 16. 


Fig. 17. 
Fig. 18. 


Fig. 19. 
Fig. 20: 
Fig. 21. 
Fig, 22, € 


Fig. 23. 
Fig. 24. 
Fig. 25. 
Fig. 26. 


Fig. 27. 


Fig. 28. 


Fig. 8. 


Fig. 9. 
Fig. 10. 
Fig. 11. 
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. Section of one of the same spermogones: a, ostiole ; 6, cavity; c, sterigmata; d, gonidia ; 


e, medullary tissue ; 7, cortical layer of thallus, the component cells full of beautiful 
yellow colouring matter. 


: Sterigmata and spermatia of same lichen. 
. Physcia candelaria, Ach.; Scher. exs., 382. Portion of thallus, showing orange-coloured 


papilleform spermogones a, 


. Sterigmata and spermatia of same plant. 
. P. fammea, Ach. ; Cape of Good Hope. Portion of thallus, showing its sinen-cihcued 


papilleform spermogones a, 


P, chrysophthalma, DC.; Long Island, North America. Portion of thallus, showing an 
apothecium a, and orange-coloured wart-like spermogones b. 


Some of the same spermogones magnified : a, ostiole. 

Sections of the same spermogones. 

P. pulverulenta, Fr.; Scone, Perth. Portion of thallus, avin a, sieisie papillaform 
spermogones ; b, largish, wart-like, frequently confluent ones ; c, apothecia. 

Some of the same spermogones magnified: a, simple, papilleform; b, wart-like. 

Apices of some of the wart-shaped spermogones, magnified to show the stellate-fissured 


ostioles a. 
Sections of the same spermogones: a, simple, papilleform ; }, wart-shaped and confluent. 
P. pulverulenta, Fr. Sterigmata and spermatia from different specimens. 


P, aquila, Fr.; Cork. Portion of thallus, showing «@; papilleform young spermogones ; 
6, the largish gaping ostioles of old spermogones ; c, apothecia, 
Sterigmata and spermatia of different specimens of same plant. 


P, stellaris, Fr., var. adglutinata mihi; Dumfries. Portion of thallus, showing a, apothecia ; : 


os” papilleeform spermogones perched on thalline warts. 
Sterigmata and spermatia of same plant. 
P. flavicans, DC, (= Cornicularia crocea, Ach.) Sterigmate and citi 
Pyzine cocées, Ach.; Demerara. Sterigmata and spermatia, 


Voccocarpia plumbea, Lightf.; Tarbert, Loch Lomond. Portion of hits: pe a, 
apothecia ; 6, confluent spermogones ; ¢, isolated, papilleform spermogones. 


Some of the same spermogones magnified : a, isolated ; b, confluent, — the irregular 
ostioles c. 


Sections of the same spermogones : a, isolated ; 6, confluent. 
Sterigmata and spermatia of same. species. 


Pannaria muscorum, Ach.; Scher. exs., 482. Thallus, a, and 
form spermogones b. 


Portion of a lacinia of same plant, meget’ to show the reddish papilleeform opeeme- 


gones a. 
Sections of the same spermogones, 


Figs, 29 and 30, Sterigmata and spermatia of the same plant. 


Fig. 31, 
Fig. 32. 


Fig, 33. 
Fig. 34. 


P. rubiginosa, Del. ; Leighton exs., 234, Thallus, eng apothecia a, and papilleeform 
spermogones 


P. triptophylla, Ach.; Scher. exs,, 159. Two confluent thalli, mane apothecia a, and 
black, roe-like spermogones b. | 


Sections of the same spermogones. 
Spermatia of the same plant. 


Fig. 35. Section of one of the spermogones of same plant: a, ostiole ; b; cavity ; ¢, sterigmata 


d, gonidia ; ¢, medullary tissue of thallus ; f, cortical Mae of thallus. 


Fig. 4 
: | Fig. 6 | 
Fig. 7 
| 
| | 
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of thes genera Piacopium, DC., Nyl. ; DC. ; Fr., Born. ; 


Fig. 1. 


Fig. 2. 
Fig. 3. 


Fig. 4. 


Fig. 
Fig. 


Fig. 8. 
Fig. 9. 


Fig. 10. 
Fig. 11. 


Fig. 12. 
Fig. 138. 


Fig. 14. 
Fig. 15. 


Fig. 16. 
Fig. 17. 
Fig. 18. 


Fig. 19, 


20. 


Fig. 21. 


Fig. 22. 


Fig. 23. 
Fig. 24, 


Fig. 25. 
Fig. 26. 
Fig. 27. 


Fig. 28. 


Fig. 29. 
Fig. 30. 


Pe 


Ephebe pubescens, Fr,; ex herb. Harriman. Sterigmata and spermatia. 


_ EXPLANATION OF PLATES. 


Puate XV. 


Licuina, Ag. ; Coutema, Ach. ; ; and Lerrocrom, Fr, 


Placodium murorum, DC.; Cork. Portion’ of thallus, showing apothecia a, and orange- 
coloured papillwform spermogones b. 


Sterigmata and spermatia of same species. 


P. circinatum, Pers., var. variabile, Pers. ; Hepp. exs., 74. Thallus, bearing epotheca a, 
and brown, pellueid, punctiform spermogones 


Section of the same spermogones. 
P, circinatum, Pers.; Dereham Church. and spermatia, 


Spermogones of same specimen: a, simple; 6, confluent,—in both cases irregularly stellate- 
fissured and pseudo-lecidine in aspect. 


P, alphoplacum, Wahlb.; Scher. exs., 330. Portion of plant, bearing apothecia a, and 
punctiform or papilleeform spermogones 6, perched on thalline warts, 


P. fulgens, DC.; Hepp. exs.,194. Thallus, bearing apothecia a, and papilleform orange- 
red spermogones 


P. chalybeum, Duf.; Hepp. exs., 204. Portion of thallus, oe — a, and 
punctiform spermogones 6, 


Section of the same spermogones, 
One of the thalline areole, magnified to show the punctiform, immersed spermogones a. 
Sterigmata and spermatia of same plant. 


P. candicans, Dub. ; Leighton exs., 218. Portion of showing a, punetiform sper-_ 
mogones ; and apothecia. 


Section of the same spermogones. 
“Squamaria chrysoleuca, Sm.; Scher. exs., 845, -‘Thallus, bearing a, apothecia; and 6, 


punctiform or papilleform spermogones, seated at b, on thalline warts; at c, about the — 
subfoliaceous margins of the thallus. 


Section of the same spermogones: a, papillaeform ; b, flattened, with osticle,. 
Sterigmata and spermatia of same species, 


S. gelida, L.; New Zealand. Section of a spermogone ; a, ostiole; 6, body of spermo- 
gone; ¢, thalline wart on which spermogone is seated. | 


Sterigmata and spermatia of same species. 


Placodium circinatum, Pers., var. ecrustaceum, Nyl.; Hepp. exs., 407. Portion of ™ 
showing a, apothecia; 6, pseudo-lecidine large spermegones. | 


Section of the same apothecia a, and spermogones b. 
Sterigmata and spermatia of the same plant. 


Squamaria ambigua, Wulf. Portion of thallus, showing minute, punetiform, immersed 
spermogoncs a, and terminal soredia b. 


Placodium aureum ; Scheer exs., 165. Thallus, bearing apothecia a, and papilleform sper- 
mogones 6, 


Some of same spermogones a, orange-red ostioles. 
Section of same spermogones. 


P, elegans, DC.; Scher, exs., 338. Thallus, seth apothecia a, and papilleeform sper- 
mogones b, 


One of the lacinie of same plant, magnified to show the same spermogones a, 
Section of same spermogones, 


{ 
j 
| 
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Fig. 31. Lichina pygmea, Ag.; Leighton exs., 260. Portion of thallus, showing different forms of 
spermogones a and b. 


Fig. 32. Portion of thallus of same plant, more highly magnified to show the spermogones a (closely 
resembling apothecia). 
Fig. 33. Section of portiun of a spermogone : a, cellular envelope ; ———" c, cavity of sper- 
| mogone full of free spermatia. | 
Fig, 34. Sterigmata and spermatia of same species, 
Fig. 35. ZL. confinis, Ag. Apothecia (a) highly magnified, showing the spermogones }, seated 
on their surface ; c, ostiole of apothecia; d, ostiole of spermogones. 
Fig. 36. Collema pulposum, Ach. Portion of thallus, showing an apothecium a, and marginal 
spermogones b. 
Fig. 37. C. melenum, Ach. (= C. jacobefolium, Auctt.) Thallus, showing an spotheciam a, and 
spermogones which are marginal at b, and sub-marginal at c. 
Fig. 88. C. melenum, Ach. Portion of margin of thallus slightly magnified, showing the marginal 
| (a) and sub-marginal (b) spermogones. 
Fig. 39. One of the discoid marginal spermogones of the same species; a, margin of thallus ; 6, 
body of spermogone ; ¢, ostiole. 
Fig. 40. C. nigrescens, Ach. Portion of thallus, showing a, er b, papilleform ‘spermo- 
gones. 
Fig. 41. Section through an sithiinn (2) and spermogones (b) of C, nigrescens, Ach. 
Fig. 42. C. flaccidum, Ach.; Aghalie Bridge, Ireland. Portion of thallus, showing apothecia * 
and sub-marginal spermogones 


. Fig. 43. Leptogium tremelloides, Fr. ; Killarney, Ireland. Portion of thallus, showing a, apothecia ; 
6, niarginal and sub-marginal spermogones. 


Fig. 44. L. tremelloides, Fr.; South America. Portion of margin no thallus, — to show the 3 
denticulate spermogones a ; ostiole. 


Fig. 45, Sterigmata and spermatia of same species. 
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INDEX OF FAMILIES AND GENERA. 


(Synonyms and the Names of Fungi are in Italics.) 


Acroscyphus, Lév., 109, 113, 151. 


Alectoria, Ach., 110, 113, 115, 120, 124, 127, 133, 134. 


Baomycer, Nyl., 109, 145. 
Beomyces, Pers., 109, 143, 144, 145. 
Borrera, Ach, 131, 136, 137, 219, 254. 


Candelaria, Massal., vide Physcia, 252. 
Celidium, Tul., 113. 

Cenomyce, Ach. vide Cladonia, 143. 
Cetrariex, N yl, 110, 175. : 
Cetraria, Ach., 110, 116, 137, 146, 175. 
Chlorea, Nyl., 110, 111, 125. 
Cladonia, Hoffm., 


Cladonies, Nyl., 109, 154. 

Coccocarpia, Pers. Nyl., 110, 111, 114, 116, 118, 255, 
256, 257. 

Collema, Ach. 109, 111, 112, 113, 116, 143, 145, 172, 
183, 239, 257, 269, 270, 271, 275, 276, 277, 278, 
279, 280. 

~ Collemacez (Family), Nyl., 109, 267. 

Collemes (Section), Nyl., 109. 

Cornicularia, Schreb., 125, 135, 253. 

Cytispora, Ehrenb. (Fungi), 107. 


Dactylina, Nyl., 110, 133. 

Desmazieria, Mont., 131. 

Diplodia (Fungi), 120. 

Dufourea, Ach., Nyl., 110, 111, 115, 132, 133, 141, 
171. 


Ephebe, Fr., Born., 109, 111, 112, 114, 117, 267, 268. 
Erysiphe (¥ ungi), 106. 


Evernia, Ach., 110, 111, 114, 116, 119, si 135, 137, 


Ach., vide 110, 174, 


Icmadophila, Ehrh., Korb., vide Beeomyces. 
Imbricaria, Schreb., Korb., vide Parmelia. 


Lasallia, Mér., 183. 


Leptogium, Fr., 109, 111, 


109, 111, 112, 113, 114, 115, 116, 
117, 118, 119, 130, 136, 142, 143, 146, 147, 148, 
ao 154, 159, 158, 159, 162, 164, 171, 172, 175, 


Lecanorer, Nyl., 110, 254, 255. 

112, 113, 116, 277, 
278. 

Lichenacei, 109. 


Lichinex, Nyl., 109. 


- Lichina, Ag., 109, 111, 113, 114, 115, 117, 120, 174, . 


252, 253, 267, 268. 


Melasmia (Fungi), 107. 


Nephromium, Nyl., 110, 111, 113, 116, 171, 172, 173. 


Nephroma, Ach. pr. p. Nyl., 110, 172. 178. 
Neuropogon, Nees and Flot., 110, 113, 118, 124, 125, 
134, 86. 


Obryzum, Wallr., Tul., 109, 280. - 
Omphalaria, DR. and Mont., 109. 270. 


Pannaria, Del., 110, 111, 116, 173, 255, 256, 257. 

Parmelisx, Nyl., 110, 111, 122, 136, 191. . 

Parmelia, Ach., 110, 111, 112, 113, 114, 115, 116, 118, 

. 119, 125, 135, 136, 143, 145, 146, 180, 205, 206, 

207, 210, 213, 214, 219, 227, 230, _— on 
259, 262, 263, 268. 

Peltigerea, Nyl., 110, 171. 

Peltigera, Hoffm., 105, 110, 120, 133, 134, 171, 172, 
173. : 

Phacopsis, Tul., 125. 

Phoma, Fr. (F aren 107, 120. 

Phyllosticta, Pers. (Fungi), 107. 

Physcia, Fr., 110, 111, 112, 113, 114, 116, 118, 119, 
156, 238, 239, 250, 255, 256, 259, 262. . 

Placodium, DC., 110, 111, 112, 113, 114, 116, 119, 259, 
259, 262, 264, 265, 266. 

Platysma, Hoffm., 110, 112, 116, 175, 176, 177, 180, 
181, 206, 213, 237.. 

Polystigma, Pers. (Fungi), 107. 

Psoroma, Fr. pr. p. Nyl., 110, 173, 255. 

Pyenothelia, Ach., vide Cladonia, 161. 

Pyrenothea, Fr., 105, 107. 

Pyxinee, Nyl., 110, 254. 

Pyxine, Fr., 110, 254. 


Ramalinex, Nyl., 110, 126. 


INDEX OF SPECIES. 


Ramalina, Ach., Fr., 110, 111, 112, 113, 114, 115, 116, 
117, 118, 119, 122, 126, 130, 132, 134, 135, 136, 
138, 139, 140, 141, 143, 147, 150, 151, 169, 170, 
174, 187, 203, 207, 212, 252, 253, 255, 263, 267 
268, 269. 

Ricasolia, DN., Nyl., 110, 111, 112, 114, 115, 116, 
191, 195, 198, 201, 205, 257, 

Roccellew, Nyl., 109, 137. 

Roceella, Bauh., 109, 111, 112, 113, 114, 115, 117, 
132, 137, 140, 141, 143. | 


Sclerotium, Tode (Fungi), 107, 

Scyphophorus, Fée, vide Cladonia. 

Septoria (Fungi), 120. 

Siphula, Fr., 105, 109, 142, 

Siphulee, Nyl., 109, 142. 

Solorina, Ach., 110, 174. 

Spherria, Haller (Fungi), 105, 107, 112, 130, 137, 175, 

; 193, 206, 208, 234, 243, 247, 272, 273, 276. 
Spherophorex, Nyl., 109, 146. 

Sphwrophoron, Pers., 109, 113, 115, 118, 146, 147, 151. 
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Squamaria, DC., 110, 111, 115, 117, 255, 259. 

Stereocaulex, Nyl., 109, 152, 

Stereocaulon, Schreb., 109, 111, 113, 114, 115, uN, 
118, 149, 151, 152. 


+ Stieta, Ach., 110, 111, 112, 114, 115, 116, 143, 145, 


146, 172, 183, 191, 195, 198, 199, 2 201, 202, 205, 
239, 257. 
Strigula, Fr. 120. 
Synalissa, DR., 109, 269. 
Synechoblastus, Trevis., vide Collema. 


Thamnolia, Ach., 109, 111, 114, 118, 142, 143, 144. 


Thrombium, Wallr. (Fungi, pr. p.), 107, 272. 


Unibilisasien, Nyl., 110, 182, 254. 


Umbbilicaria, Hoffin., 110, 111, 113,116,174, 182, 184, 


185, 186, 187, 188, 189. . 

Usnex, Nyl., 110, 121. 

Usnea, Hoffm., 110, 111, 112, 113, 114, 116, 118, 119, 
121, 125, 126, 131, 134, 135, 143, 174. 


INDEX OF SPECIES. 
(Synonyms and the Names of Fungi are in Italics.) 


Dub. (Parmelia), 116, 234,235. 

Acharii, Trevis. (Synalissa), 269. 

_ Aculeata, Fr. (Cetraria), 114, 145, 175, 176, i"? 

ruginosa, Scop. (Lecidea or Icmadophila), 146. 

Agardhiana, Ach. (Lecanora), 264 : 

Agardhianum, Ach. (Placodium), 264 

Aggregata, Sw. (Cladonia), 170, 171. 

_ Atpolia, Ach. (Parmelia), 243, 244, 245. 

Alcicornis, Flk. (Cladonia), 113, 160. 

Alectoria, Lindsay (Lecidea), 112, 135, 144. 

Aleurites, Ach. (Squamaria), 259, 261. 

Alphoplacum, Whlb. (Placodium), 262, 265. 

Alpinum, Laur. (Stereocaulon), 152. 

Amaurocrrea, (Cladonia), 143, 154, 166. 

Ambigua, Wulf. (Squamaria), 261. 

Amplissima, Sch. (Sticta or Parmelia), 203, 204. 

Anomea, Hook. (Cladon. ia), 160. 

Anomeus, Sm. and Hook. (Scyphophorus or a 
160. 

Aguila, Fr. (Physcia), 236, 239, 249. 

Arctica, Hook. (Dactylina), 133. 

Arctica, Hook. (Dufourea), 133. 

Arctica, Ach. (Umbilicaria), 180. 

Arcticum, Fr. (Nephroma), 173. 


Argus, Tayl. (Stereoeaulon), 152, 153. 
Argyracea, Del. (Sticta), 191, 196. . 
Articulata, Fr. (Usnea), 131. 

Ashneh (?), (Evernia or Borrera), 137. 
Aspera, Massal. (Imbricaria), 235. 
Astroidea, Fr. (Physeia), 246. 
Athallum, Spreng. (Endocarpon), 246.. 
Atlantica, Ach. (Borrera), 254 

Atlanticus, Ach. (Lichen), 254 


. Atrovirens, Liyngb. (Stigonema), 267 


Aurata, Ach. (Sticta), 191, 200. 
Aurea, Scheer. (Lecidea), 265. 
Aureum, Scheer. (Placodium), 265. 
Auriculatum, Hoffm. (Collema), 271. 
Australe, Laur. (Spherophoron), 151. 


Acureum, Ach. (Leptogium), 278. 


Bacillare, Wallr. (Thrombium), 273. 

Bacillaris, Ach., (Cenomyce), 166. - 

Barbata, Fr. (Usnea), 121, 122, 124, 131, 135. 

Bellidiflora, Scheer. (Cladonia), 113, 154, 162, 163, 
164 


Borreri, Ach. (Parvaclia), 220 
Byssoides, Fr. (Biatora), 146. 
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Cesia, Fr. (Physcia), 218, 246. 
 Casio-rufus, Sm. (Lichen), 265. 
Cespititia, Ach. (Cladonia), 113, 160. 

Calicaris, Fr. (Ramalina), 126, 127, 128, 129, 130, 
131, 132. | 

Callicaris, Fr. (Lichen), 128. 

Callopismum, Mér, (Placodium), 262. 

Canariensis, Nyl. (Sticta), 194, 196. 

Candelaria, Ach. (Physcia), 250, 252. 

Candicans, Dub. (Placodium), 262, 263. 

Candicans, Dicks. (Lichen), 262, 263. 

C ‘anescens, Ach. (Lecidea), 255. 

Canina, Hoffm. (Peltigera), 174. 

Caperata, Ach. (Parraelia), 207, 210, 231, 232, 233. 

Capitellata, Bab. (Cladonia), 166. 

Caracensis, Tay]. (Parmelia), 218. 

Carnosa, Scheer. (Parmelia), 256. 

Carpoloma, Del. (Sticta), 191, 192, 198. 

Carporrhizans, Tay]. (Parmelia), 214, 215. 

Jellulosum, Ach. (Nephromium), 

Cenotea, Scheer. (Cladonia), 158. 

- Centrifuga, Ach. (Parmelia), 232, 233, 234. 

Ceratina, Fr. (Usnea), 123. 

_ Ceratites, Fr. (Siphula), 142. 

Ceratophylla, Wallr. (Parmelia or Inbricaria), 221, 
225. 

Ceruchis, Ach. (Ramalina), 127, 131. 

Cervicornis, Scheer. (Cladonia), 154, 158, 159, 160. 

Chalazanum, Ach. (Collema), 274. 

Chalybeea, Scheer. (Lecanora), 262, 264. 

Chalybaeum, Duf. (Placodium), 262, 264. 

Cheileum, Ach. (Collema), 275. 

Chrysoleuca, Sm. (Squamaria), 259, 260. 

Chrysophthalma, DC. (Physcia), 239, 250, 252. 

Chrysophthalma, DC. (Parmelia), 252. 

~ Ciliare, Ach. (Platysma), 177, 180, 181, 182, 237. 

Ciliaris, DC. (Physcia), 239, 240, 241, 243, 247, 249, 

| 254, 259. 

Tayl. (Sticta), 191, 193. 

Cincinnata, Ach. (Parmelia), 226 

Circinatum, Pers. (Placodium), 111, 262, 263, 268, 

Citrinum, Tayl. (Platysma), 180. 

Cladoniaria, Nyl. (Lecidea), 112, 163. 

Coccifera, Hook. (Cladonia or Cenomyce), 163. 

Cocciferus, Hook. (Lichen), 163. 

Cocbes, Ach. (Lecidea), 255. 

Cocées, Ach. (Pyxine), 255. 

Collodes, Tay]. (Dufourea), 170. 

Colpodes, Ach. (Parmelia), 220 

Compressum, Ach. ( Spherophoron), 132, 146, 147, 
148, 149, 150, 151. 

‘Concolor, Ram. (Squamaria), 259, 260. 

Confinis, Ag. (Lichina), 113, 268, 269, 

~ Confluens, Fr. (Physcia), 246. 

Conspersa, Ach. (Parmeiia), 112, 113, 116, 163, 206, 

209, 210, 216, 219, 220, 231, 232, 233, 234, 261. 

Coralloides, Pers. (Spherophoron), 146, 147, 448, 149, 
150, 151. 

Coriacea, Tay]. (Ricasolia), 202, 204. 

Corniculatum, Wallr. (Obryzum), 280 


INDEX OF SPECIES. 


Cornucopioides, Fr. (Cladonia), 163, 164. 
Cornuta, Fr. (Cladonia), 157, 159, 163, 164. 
Corrosa, Ach. (Ricasolia), 201, 205. 
Corrugata, Ach. (Parmelia), he 235. 
Corrugatus, Sm. (Lichen), 234 

Crassa, DC. (Squamaria) 259. 

Crenulata, Hook. (Ricasolia), 201, 202, 204. 
Cretaceum, Sm. (Leptogium), 278. 
Cribellata, Tayl. (Parmelia), 233 

Crinita, Ach. (Parmelia), 213. 

Crispata, Ach. (Cladonia), 168. 
Crispum, Ach. (Collema), 273, 274, 275. 


Cristatum, Scheer. (Collema), 272, 273, 275. 


Crocata, Ach. (Sticta), 200 


-Crocea, Ach. (Cornicularia), 253. 


Crocea, Ach. (Solorina), 175. 

Cucullatum, Hoffm. (Platysma), 177, 178, 179. 
Cycloselis, Ach. (Parmelia), 247. 

Cylindrica, L., Fr. (Umbilicaria), 182, 187, 188, 190. 


Damecornis, Ach. (Sticta), 161, 191, 192, 194, 195, 
196. 


Dameecornis, Ach. (Cladonia), 161. 


Deformis, Hoffm. (Cladonia), 163, 164. . 

Degenerans, Flk. (Cladonia), 157, 163. 

Denticulata, Linds. (Parmelia), 112, 203, 206, ‘211, 
313, 377. 

Denudatum, F lk. (Stereocaulon), 153. 

Depressa, Schrad. (Umbilicaria), 190. 

Deusta, Ach., Flk. (Umbilicaria), 185.. 

D’Urvillei, Del. (Sticta), 191, 200. 

Diadenata, Tay]. (Parmelia), 242. 

Diaphanum, Ach. (Leptogium), 278. 


| Diatrypa, Ach. (Parmelia), 225. 


Dichotoma, Del. (Sticta), 194, 196. 
Digitata, Hoffm. (Cladonia), 163, 164. 
Digitata, Linds. (Parmelia), 212. 
Discolor, Ach. (Ricasolia), 204 

Dissecta, Ach. (Ricasolia), 201, 202, 205. 
Domingensis, Mont. (Physcia), 242 
Dubia, Sch. (Parmelia), 231. 


Echinata, Tay]. (Parmelia), 242 
Ecmocyna, Ach. (Cenomyce), 158. 
Elegans, DC. (Placodium), 262, 266. 
Elegans, Ach. (Parmelia), 266 


_Encausta, Ach. (Parmelia), 112, 115, 206, 290, 224 


225, 236. 


Endivieefolia, Fr. (Cladonia), 161. 
Endochrysa, Del. (Sticta), 191, 192, 200. 


Enteromorpha, Ach. (Parmelia), 220, 223, 224.. 
Epiblastematica, Wallr. (Spheria), 193, 234. 
Epigea, Ach. (Parmelia), 263 

Epiphyllum, Leight. (Collema 2), 276. 
Ericetorum, Sm. (Lichen), 146. 

Erosa, Hoffm. (Umbilicaria), 182, 186, 187, 226. 


_ Erosa, Borr. (Parmelia), 246. 


Erratica, Linds. (Parmelia), 216, 218. 
Fr. Lecidea, or Blas- 
tenia), 265 


| 

| 

i 

| 

| 

| 


Erythrophthalma, Tayl. (Collema), 278 


Fahlunensis, Ach. (Parmelia), 112, 207, 234, 237. 

Fallax, Ach. (Cetraria), 180, 210. 

Fastigiata, Fr. (Ramalina), 129, 130, 131. 

Faveolata, Del. (Sticta), 191, 197. 

Ferruginea, Huds. 265 

Filicina, Ach. (Sticta), 191, 194, 198. 

 Filiformis, Hook. (Cladonia, Scyphophorus, or Ceno- 
myce), 163, 164. 

Fimbriata, Fr. (Cladonia), 156, 163, 164. 

Firmula, Nyl. (Physcia), 248. 

Flabellata, Mont. (Sticta), 191, 196. 

Flaccidum, Ach. (Collema), 271. 

_ Flammea, Ach. (Dufourea), 252. 

Flanimea, Ach. (Physcia), 239, 250, 252. 
Flavicans, Tayl. (Sticta), 191, 199, 200. 
Flavicans, DC. (Physcia), 239, 253. 

Florida, Fr. (Usnea), 123, 124.. 

Foliacea, Schzer. (Cladonia), 161. 

Fragile, Pers. (Sphserophoron), 149. 

Fragile, Tayl. (Leptogium), 277, 278. 

Fragile, Tayl. (Collema), 278. 

Frazinea, Fr. (Ramalina), 126, 127, 129. 

Freycinetii, Del. (Sticta}, 191, 192, 197. 

Fruticosa, Schser. (Cladonia), 167, 168. 

Fuciformis, Ach. (Roccella), 131, 139, 140, 141. 

Fulgens, DC. (Placodium), 262, 265. 

Fuliginosa, Ach. (Sticta), 193, 205. 

Fulvo-cinerea, Mont. (Sticta), 197. 

Fungiforme, Schrad. (Sphyridium), 146. 

Fungiformis, Sch. (Cladonia), 160. 

-Furcata, Scheer. (Cladonia), 112, 114, 154, 155, 157, 
158, 165, 166, 167, 168,171. 

Furfuraces, Mana. (Evernia), 136, 137, 219, 235. 

Furfuracea, DC. (Borrera or Parmelia), 136. | 

Furvum, Ach. (Collema), 272. 


Galbina, Ach. (Parmelia), 215. 
 Gaudichaudii, Del. (Sticta), 197. 
Gelida, L. (Squamaria), 259, 261. 
Gilva, Ach. (Sticta), 192, 200. 
Glabra, Tayl. (Sticta), 191, 192, 201. 
Glauca, Ach. (Cetraria), 180, 210. 
Glaucum, Hoffm. (Platysma), 163, 178, 180, 208, 209, 
210, 233. 
Glomlifee, DN. (Ricasolia), 105, 195, 202, 203, 205, 


Poh Del. (Sticta or Parmelia), 203 
Gracilis, Fr. (Cladonia), 154, ua6 157, 158, 160, 166. 
Granosa, Scher. (Parmelia), 27 


Herbacea, DN. (Ricasolia), 105, 111, 112, 195, 196, 
205, 258. 


199, 201, 202, 204, 205 
_ Herbacea, Hoffin. (Sticta), 203 
Hildenbrandii, Garov. 279. 
Hirsuta, DC. (Umbilicaria), 182, 190. 
Hirsuta, Ach. (Gyrophora), 182, 190. 
_ Hirta, Fr. (Usnea), 121, 122, 123, 124. 
Homalea, Ach. (Ramalina), 131. 
VOL. XXII. PART I. 


INDEX OF SPECIES. 


301 


Horizontalis, Hoffm. (Peltigera), 174. 
Hottentotta, Ach. (Parmelia), 235 
Hottentotta, Ach. (Sticta or Omphalodes), 235. 


| Hyperborea, Hoffm. (Umbilicaria), 185, 186, 187, 188, 
230. 


Hyperborea, Ach. (Gyrophora), 185, 186. 
Hypnorum, Fr. (Psoroma), 255 


Hypothrix, Nyl. (Parmelia), 215, 217. 


Iemadophila, Ach. (Lecidea or Biatora), 146. 
Icmadophilus, Ach. (Beeomyces), 146, 
Impressa, Tay]. (Sticta), 198, 199. 


_ Incana, Scheer. (Cladonia), 164, 


Incurva, Fr. (Parmelia), 234. 

Incurvus, Ach. (Lichen), 234 

Intricata, Scheer. (Physcia), 254 

Intricata, Mont. (Roccella), 141. 

Intricata, Fr. (Evernia), 254 

Islandica, Ach. (Cetraria), 112, 136, 137, 148, 172, 
175, 176, 181. 


Jacobefolius, Bernh. (Lichen), 272, 273. 
Jubata, Ach. (Alectoria), 133, 134. 
Jubata, Scheer. (Parmelia), 134. 
Juniperinum, L. (Platysma), 177, 178, 179. 


Kamtschadalis, Ach. (Parmelia), 116, 219. 
Kunthii, Del. (Ricasolia), 201, 202, 205, 


Laciniata, Ach. (Sticta), 191, 197. 
Laciniatum, Nyl. (Collema), 276. 
Lacunosum, Ach. (Platysma), 180. 
Lacunosa, Ach. (Cetraria), 181. 
Leeteformis, Fée. (Parmelia), 210, 
Leetevirens, Scheer. (Parmelia), 
Leevigata, Tayl. (Parmelia), 210, 216, 217, 
Lanata, L. (Parmelia), 268. 

Lata, Tayl. (Alectoria), 134, 135. 

Lata, Tay]. 135. 

Leonora, Spr. (Parmelia), 233 

Leucomela, Mich. (Physcia), 241, 248, 
Lichenophila, DR. (Synalissa), 269 

Limosum, Ach. (Collema), 274. 

Linearis, Nyl. (Sticta), 191, 192, 194, 195. 
Linita, Ach, (Sticta), 192, 193, 194. 
Lnutescens, Tayl. (Sticta), 198. 


Maciienta, Hoffim. (Cladonia), 155, 156, 163, 

Macrocarpa, Wilson (Sticta), 195. 

Macrophylia, Fée (Sticta), 194, 195. 

Maculata, Tayl. (Solorina), 258. 

Madreporiformis, Ach. (Dufourea), 112, 132, 

Madreporiformis, Wulff. (Lichen), 132. : 

Madreporiformis, Sch. (Cladonia), 133, 

Marginale, Hook. (Collema), 272, 273. 

Marginalis, Huds. (Lichen), 272. 

Marginellum, Mont. (Leptogium), 278, 279. 

Marianum, (Leptogium), 278. 

Melaxanthus, Ach. (Neuropogon), 113, 118, 124, 129, 
132, 135, 238. 

Melenum, Ach. (Collema), 271, 272, 7. 
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Menziesii, Tayl. (Sticta), 194. 


 Michauaii, Ach. (Parmelia), 220 


Micrococca, Born. (Synalissa), 269, 270. 
Microphylla, Ach. (Lecidea), 256. 
Microphyllum, Ach. (Collema), 276. 
Mollusca, Ach. (Dufourea), 141. 

Mollusea, Ach. (Roccella), 141. 

Molybdza, Pers. (Coccocarpia), 257, 258. 
Moniliformis, Bab. (Parmelia), 220. 
Montagnei, Bél. (Roccella), 138, 140, 141. 


. Mihlenbergii, Ach. (Umbilicaria), 184. 
. Multifida, Sch. (Parmelia), 233, 272, 273. 


Multifidum, Sch. (Collema), 272, 273. 
Multifidus, Dicks. (Lichen), 234 

Multiflorum, Scheer. (Collema), 274. 
Multipartitum, Sm. (Collema), 276. 
Muralis, Sehzer. (Parmelia), 260 
Murorum, DC. (Placodium), 262, 265, 266. 
Muscigena, Ach. (Physcia), 249. 
Muscorum, Ach. (Pannaria), 256 
Mutabilis, Tayl. (Parmelia), 116, 219. 


Myochroa, Scheer. (Parmelia), 279. 


Nigrescens, Ach. (Collema), 276. 

Nigrescens, Ach. (Parmelia), 276. 

Nitida, Tayl. (Sticta), 196. 

Nivale, L. (Platysma), 136, 137, 17, 178, 179, 180. 


Obscura, Fr. (Physcia), 245, 247, 248, 249. 
Obscuroides, Linds. (Lecide*), 112, 247. 
Obvoluta, Ach. (Sticta), 191, 192, 197. rt 
Olivacea, Ach. (Parmelia), 206, 233, 235, 236. 
Olivaceum, Hook. (Collema), 279. 


Fr, (Parmelia), 115, 185, 195, 206, 226, 
229. 


Orygmea, Ach, (Sticta), 191, 192,199. 
Oxyspora, ul. (Lecidea), 163, 204, 232; 233. : 


Pallida, Hook. fils (Stieta), 192, 201.: 
Pannosa, Del. (Pannaria), 256. 
Papillaria, Hoffm. (Cladonia), 111, 161, 164. 
Papulosa, Ach. (Umbilicaria), 183, 184. 


Parietina. L. (Physcia), 239, 250, 252, 253, 254, 265, 


Parmelioides, Hook. (Lecidea), 258. 

Paschale, Fr. (Stereocaulon), 152, 153. 

Pellita, Ach. (Gyrophora), 184, 

Pennsylvanica, Ach. (Umbilicaria), 183, 184. 
Perforata, Ach. (Parmelia), 112, 116, 202, 203, 206, 


208, 209, 210, 211, 212, 213, 214, 215, 219, 230,. 


277. 


Paslabe Ach. (Parmelia), 116, 180, 202, 206, 208, 209, 


210, 211, 212, 213, 215, 216, 218, 219. 
Pertusa, Sch. (Parmelia), 225, 226. 
Phycopsis, Ach. (Roccella), 138, 141. 
Phyllocarpum, Pers. (Leptogium), 277, 279. — 
Physodes, Ach. (Parmelia), 116, 122, 123, 135, 136, 
138, 206, 207, 213, 214, 218, 219, 220, 222, 204, 
225, 226, 227, 230, 231, 232, 235, 237. - 
Placophyllus, Ach. (Beeomyces), 145. 


~ Plumbea, Lightf. (Coccocarpia), 256, 257, 258. 


Placorodia, Ach. (Parmelia), 226 
Plicata, Fr. (Usnea), 123. 
Plicatile, Ach. (Collema) , 271, 274, 275. 


Plumbea, Lightf. (Parmelia), 258 

Polydactyla, Hoffm. (Peltigera), 173, 174. 

Polydactyla, (Cladonia), 164. 

Polymorpha, Ach. (Ramalina), 122, 126, 130. 

Polymorpha, Schrad. (Umbilicaria), 190. 

Polyphylla, Hoffm. (Umbilicaria), 182, 184, 185, 187, 

Polyrrhiza, L. (Umbilicaria), 184, 186, 188. 

Proboscidea, DC. (Umbilicaria), 182, 187, 188, 189, 
190. 

Proboscidea, Tayl. (Parmelia), 210. 

Pruinosa, Nees (Dufourea), 141. . 

Prunastri, Ach. (Evernia), 137. 

Psoromia, Nyl. (Verrucaria), 175. 

Psoromoides, Borr. (Phacopsis), 175. 

Psoromoides, Borr. (Verrucaria), 175. 

Pubescens, Fr. (Ephebe), 267, 268. 

Pubescens, Fr. (Cornicularia), 267. 

Pulchella, Scheer. (Parmelia), 245, 246. 


-Pulmonacea, Ach. (Sticta), 191, 192, 194, 195, 197, 


198, 199, 200, 201. 
Pulposum, Ach. (Collema), 274, 275. 
Pulverulenta, Fr. (Physcia), 119, 229, 239, 243, 247, 
248, 249. 
Pulvinata, Scheer. (Omphalaria), 970. 
Pungens, Ach. (Cladonia), 166, 168. 
Pungens, Del. (Bocomyces), 168. 
Pustulata, Hoffm. (Umbilicaria), 183, 184, 186. 
Pygmea, Ag. (Lichina), 113, 268, 269, 270. 
Pyxidata, Fr. (Cladonia), 112, 154, 155, 156, 157, 158. 
161, 162, 163, 164. 


Quercifolia, Sch. (Parmelia), 214: 
Quercizans, Ach. (Sticta), 194, 196, 203.: - 


Racemosa, Scheer. (Cladonia), 166, 167, 168. 

Radiosa, Scheer. (Parmelia), 265 

Ramulosum, Sw. (Stereocaulon), 153. 

Rangiferina, Hoffm. (Cladonia), 112, 113, M4, 154, 
155, 158, 165, 166, 168, 171, 177, 268. 

Recurva, Ach. (Parmelia), 234. 

Relicina, Fr. 215, 216. 

Resupinata, DC. (Peltigera or Nephroma), 172. 

Reticulata, Tayl. (Parmelia), 210, 216, 217, 235. 

Retipora, Ach. (Cladonia), 170, 171. 


. Richardi, Mont. (Stieta), 197. 


Richardsoni,:- Hook. (Evernia), 112, 136, 137. 
Richardsoni, Hook. (Cetraria), 137. 
Rimosa, Scheer. (Lecidea), 263 


Roseus, Pers. (Beeomyces), 144, 145. 


Rubiginosa, Del. (Pannaria), 256. 
Rubiginosa, Ach. (Parmelia), 256. 


 Rubina, Scher. (Parmelia), 260. 
Rufa, Ach. (Sticta), 194, 


Rufescens, Hoffm. (Peltigera),:174. 
Rufus, Ach. (Bazomyces), 146. 
Rugosa, Tay]. (Parmelia), 216, 217. 


| 
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Rupestre, Scheer. (Collema), 272. 
Rupestris, Pers. (Bawomyces), 146. 
Rupestris, Sch. (Parmelia), 272. 


Saccata, Ach. (Solorina), 175. 

Saturninum, Ach. (Leptogium), 271, 277, 279. 

Saxatilis, Ach. (Parmelia), 115, 116, 123, 163, 185, 
195, 202, 204, 206, 207, 213, 214, 215, 216, 217, 
218, 219, 222, 225, 226, 227, 228, 230, 231, 232, 
233, 235, 237, 261. 

Saxicola, Ach. (Squamaria), 259, 260. 

Scopulorum, Ach. (Ramalina), 122, 126, 128. 

Scorigena, Mont. (Evernia), 266. 

-Scorigenum, Mont. (Placodium), 266. 

Scortea, Ach. (Parmelia), 215. 

Sepincolum, Hoffm. (Platysma), 177, 178, 180, 181. 

Sinuosa, Pers. (Sticta), 194, 196. 

Sinuosa, Ach. (Parmelia), 116, 206, 207, 208, 210, 

214, 215, 216, 217, 218, 227, 228, 233. 

Speciosa, Fr. (Physcia), 242, 248. 

Spherophoroides, Léy. (Acroscyphus), 151. 

Squamosa, Hoffm. (Cladonia), 113, 157, 159. 


-Stellaris, Fr. (Physcia), 218, 239, 242, 243, 245, 246, 


247, 249, 255, 261. 
Stellata, Sch. (Cladonia), 165, 166. 


Stygia, Ach. (Parmelia), 112, 115, 206, 207, 224, 234, 
250. 


226, 
Stygia, Sch. (Cetraria), 237 
 Stygium, Del. (Collema), 270, 275. 
Suimarginalis, Ach. (Parmelia), 215. 
Subtile, Nyl. (Leptogium), 277, 278. 
Sulcata, Tayl..(Parmelia), 228 
Sylvatica, Ach. (Sticta), 191, 193. 
. Symphorea, DC. (Synalissa), 269 
Synalissum, Ach. (Collema), 269 


Tasmanica, Tay]. (Parmelia), 233 

Taylori, Hook, (Alectoria), 113, 118, ‘124, 134, 135, 
144, 238. 

Teicholytum, DC. (Plaodium), 265 


Tenax, Ach. (Collema), 274. 
Tenella, Schzer. (Borrera), 243, 244, 245, 246. 
Tenerum, Laur. (Spherophoron), 147, 149. 


-Terebrata, Tayl. (Ramalina), 129, 131. 
_ Tiliacea, Ach. (Parmelia), 116, 117, 122, 125, 135, 


138, 234. 
Tinetorie, Ach. (Roceella), 138, 140, 141. 
Tomentosum, Laur. (Stereocaulon), 152. 
Tomentosum, Hoffm. (Nephromium), 107, 112, vide 
173. 
Trachiata, Fr. (Cladonia), 158. 
Tremelloides, Fr. (Leptogium), 272, 276, 277, 278, 


279. 
Triptophylla, Ach. (Pannaria), 114, 256, 270. 
Tristis, Web. (Parmelia), 112, 206, 237 
Tristis, Scheer. (Cetraria), 238 
Tuberculata, Tayl. (Alectoria), 127. 


Tumidula, Nyl. (Usnea), 132. 
| Turgida, Ach. (Parmelia), 275. 


Turgida, Hoffm. (Cladonia), 143, 165, 166, 274. 
Turgidum, Ach. (Collema), 275. 


Uneialis, Hoffm. (Cladonia), 112, 143, 165, 166. | 
Urceolata, Scheer. (Spharia), 175. 


Varia, Leight. (Umbilicaria), 190. 

Variabile, Pers. ( Placodium), 263. 

Vellea, L., Fr. (Umbilicaria), 182, 190. 

Vellea, Ach. (Gyrophora), 182, 185. 

Ventricosa, Scheer. (Cladonia), 160. 

Vermicularia, Linds. (Lecidea), 112, 135, 142, 144. 
Vermicularis, Scheer. (Thamnolia), 112, 135, 142, 143. 


me Vermicularis, Sw. (Cladonia or Cenomyce), 143, 144. 


Verticillata, Fr. (Cladonia), 158, 159. 
Vespertilio, Lightt. (Synechoblastus), 276. 
Villosa, Dub. (Physcia), 239, 253, 254, 266. 
Vulpina, Nyl. (Chlorea), 125. 
Vulpina, Tul. (Phacopsis), 125. 


Xanthosticta, Pers. (Sticta), 191, 198. 
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